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ABSTRACT

This report contains information on dynamic loading simulation devices that
were either designed or ¢-ul!l be modified for use in studies of protective
construction. The information includes the following items: 1) the type of
device,-2) the owner and location, 3) the loading characteristics, 4) the
physical description, 5) the driver used, and 6) a short discussion concerning .

the device and its present use. Pictures and diagrams are also furnished for
the majority of the devices. '
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SECTION I

INTRODUCTION

1. Objectives i

The objective of this document is to catalog, in terms of their usefulness

as nuciear blast simulators, the known dynamic-loading devices located in mili—-
tary and civilian scientific laboratories throughbut the United States. The
majority of these devices are designed to simulate the dynamic characteristics
of a nuclear burst. The remainder are adaptable, with but minor modificationms,
to simulate most of the loadihg charactefistics of a nuclear detonation.
2. Background -

A genuine need exists for. thoroughly documenting -the major dynamic-loaﬂing
devices used in protective construction research. In conjunction with fhis |
need a brief look at prior.efforts and published reports is presented.

In Novembér 1961, Mr. E. B. Ahlers, IIT Research Foundation; authored a

final report, "Experimental Methods of Determining the Behavior of Under- ound

Stru;tures Under Dynamic Loads,f (Ref. a) for the Office of Civil and Defense
Mobilization (OCDM). Subsequently, Dr. Richard D. Woods wrote his master's
thesis during 1962 and later published it as an Aif Force Weapons Laboratory
Technical Report (Ref. b). Both of these éuthors limited the material in their
publications to devices that were in current use as nuclear blast simulators.
In April 1965, the Defense Atomic Support Agency Data Center published a report;
DASA 1627, entitled "Blast and Shock Simulation Facilities in the United Kingdom,
Canada, and the United States,'" (Ref. c¢) which included blast simulation facil-
ities discussed at the Tripartite Technical C00peration Program (TTCP) meeting
on 16 March 1964. A

The Ahlers report discusées the problems encountered in designing experi-
ments, scaling relationships, limitation of soil chamber dimensions, and the
shock and soil properties. It investigates the theory of variﬁus types of dy-
namic loading devices, the reproductibility of the shock strengths for a series
of firings, the versatility of different loaders, and the different media used
as drivers.

Dr. Woods, while working on a Masters Degree in Civil Engineering at the

University of Notre Dame, was assigned to work on an Air Force contract for
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‘protective construction research. This project required that Notre Dame develop
a direct shear apparatus for testing soils under both static and dynamic loads.
A by-product effort included a thorough literature search, and it was during
this search that a review of existing tééting equipment was made. This re-
view is reported in (hapter 3 of reference b,

DASA 1627 (Ref. 2) reports on military laboratories both stateside and<
abroad. It relates the investigational philosophy used at various laboratories,
the description and specifications of the devices, test par;meters used princi-
pally for their investigations, limitations of available facilities, the instru-

_mentation used, and future plans. -

Since the publication of these documents, numerous new devices. have been
designed and installed; other existing devices have been modified. The complex-
ity of a facility or laboratory and its philosophy is not discussed in this '
document since it is assumed that such items will be included elsewhere.

3. Discussion

Now that the Test Ban Treat§ is in effect, simulated nuclear testing must
suffice. Research efforts are accomplished through in-house laboratpries'such )
as those shown in figures 1 and 2 and through contracts with research organiza-
tions as illustrated in figures 3 and 4. Government and private funds continue
to be used for the construction of simulation devices and laboratories to
produce the varied phenomena analogous to those produced by the detonation of
a nuclear device. ) A

Not all the simulators listed in this report are used for the investigation
of basic phenomena associated with the response of soils and structures under

~dynamic loads. Some are used simply to study shock waves, others are used to
study the effects of shock waves on animals, while yet others are used to stu&y
the effects of a shock wave on re-entry shapes. All could be utilized, some
with minor modifications, as aa aid to conducting research in the areas of
protective construction and protective structures.

In the modern generic sense, protective construction of protective structures
mean buried or partially buried structures in soil. The offices of Civil and
Defense Mobilization (OCDM) and the Department of Defense (DOD) have for many
years been performing research in the field of protective contstruction. There-
fore, this report should be valuable as an aid in avoiding duplication of devices

at various laboratories.
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4. Conclusion

The loading devices.reported herein are placed in four categories: (a)

Ram Lvaders, (b) Shocl: Tubes, (c)-Plane Wave Loaders and (d) Miscellanequs

To standardize the presentation of information on the various loading de-

‘vices, the following format is used: (a) title, location and owner, (b) the

loading characteristics and physical description, (¢) the driver‘énd controls,

(d) availability, (e) a short liscussion and (f) the references citing the

souree of the material.
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1.

3.
4.

3.

6.

7.

A-2

TITLE AND/OR TYPE: Air Force-MDI 50-Kip Dynamic Ram Loade:

LOCATION: Eric H. Wang Civil Engineering Research Facility

Area Y
Sandia Base, New Mexico

OWNER: U. S. Air Force

LOADING CHARACTERISTICS:

a.
b.
c.
d.

e.

Force: Minimum (1lbs) 100 Maximum (1bs) 50,000

Rise Time: Adjustable from 1.5 to 50 milliseconds

Dwell Time: Adjustable from O to 1 minute

Decay 1ime: Adjustable from 20 milliseconds'to 30 seconds

Constant Velocity: Adjustable from 4 to 750 inch/minute

PHYSICAL DESCRIPTION (Figures 5 & 6)

a.
b.
c.
d.
e.

f.

8'

h.

Height: 139.75 to 144.75 inches
Width: 88 inches

Depth: 48 inches

Weight: 8600 pounds

Maximum Stroke: 5 inches

Main Piston Area: 31.25 sq. inches

Clearance between specimen grips:
14 to 74 inches

Operating Pressure: 2000 psi

DRIVER: Pneumatic-Hydrsulic system

CONTROLS:

given above.

A control console which will allow the operator to pre-
program the tests within the limitations of the loading characteristics



FIGURE 5. AIR FORCE -MDI 50-Kip DYNAMIC RAM LOADER
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8. AVAILABILITY: Available to other government agencies and-to
contractors of the United States Government on contracts requiring
testing within the ram loader 1limitations. Scheduling is con-
trolled by the Air Force Project Officer and the Director of the
Facility. -

9. OTHER CONSIDERATIONS: The reaction frame is designed to contain
the loader with a maximum column stretch and/or horizontal head
deflection of 0.10 inch. Vertical adjustment of the horizontal
head is provided in increments of 3/4 of the total ram stroke from
1 foot minimum to a maximum of 6 feet level above the floor. The
foundation is so designed that the portion of the foundation
supporting a soil bin will be completely isolaced from that part of
the foundation supporting the reaction frame. The complete founda-
"tion is designed that a 3 millisecond minimum delay shall exist
between the signal produced uvpon impact of the ram (to sample) and
a return signal traveling through the reaction frame intc the foun-
dation and up into the soil bin.

10. DISCUSSION:
This machine is designed for two sepafate operating modes:
a. Force-time, tension or compression. |
b. Constant velocity, tension or compressioﬁ.

Mobile carts, 4 feet wide, 4 feet long and 3 feet deep. were
designed and manufactured to be used with this machine. This device
will be used in the study of dynamic properties of materials. Be-
tween the ram loader for dynamic testing and the 300-Kip Riehle
Universal Testing Machine for static testing, the laboratory can
test all types of materials.

11. REFERENCE:

a. "Design and Construction of a Gas Powered Dynamic Ram Loader
Device and Accessories," Project Engineers Contract Folder, Contract
AF 29(601)-5805, James A. Mahoney, Project Engineer, Air Force
Weapons Laboratory, K'rtland Air Force Base, New Mexico, February 1963.

b, Stewart, William and Yang, Robert, 'Instruction Manual-
Dynamic Loading Machine,” Machin> Dynamics Incorporated, 660 So.

Arroyo Parkway, Pasadena., California for AFWL-KAFB, New Mexico,
Contract AF 29(601)-5805, pages 1, 2, & 3, December 1963.
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B-2
1.7 TITLE AND/OR TYPE: Dynamic Triaxial Test Apparatus

2. LOCATION: U. S. Army Engiheer Waterways Experiment Station,
Vicksburg, Mississippi

3. OWNER: U. S. Army

4. LOADING CHARACTERISTICS: A.rigid yoke moving at constant velocity
impacts upon the triaxizl cell piston and drives it to axially deform
cylindrical soil specimens at constant rates. Particular loading
characteristics are as follows:

a. Force: Minimum (1b) 1 Maximum (1bs) 1200

b. Rise-time: 'Time to failure of soil specimens variable from
10 msec to 1 sec '

5. PHYSICAL DESCRIPTION (Figure 7):
a. Height: 6 feet
b. Width: 2-1/2 feet
C.. Depth:- 1-1/2 feet
d. Operating pressure: 800 psi
e. Ram stroke: 4 inches

6. DRIVEK: Controlled hydraulic flow under 800-psi gas pressure with
yoke velocities ranging from 0.14 to 13.0 inches per sec

7. CONTROLS: Electrically controlled solenoid valves and series of
manual valves

8. AVAILABILITY: Testing thoat is considered within the capabilities
of the apparatus may be conducted for other interested agencies on a
priority basis. Inquiries should be sent to: Director, U. S. Army
Engineer Waterways Experiment Station, P. 0. Box 631, Vicksburg,
Mississippi 3918l1.

9., OTHER CONSIDERATIONS: Maximum size of specimen which can be tested
is 1.5 inches in diameter by 3.0 inches long. Maximum acceptable
sample deformation at a constant deformation rate (between 0.14 and 13
inches per sec) is about 1.5 inches. Confining pressures up to 100 psi
can be supplied.
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10. DISCUSSION: The dynamic triaxial test apparatus provides a means.
for studying soil properties under loadings much faster than the
corventional triaxial test. The test is a strain-ccntrolled-type test.
The loads developed and the motion of the piston are measured con-
tinuously as- a function of time. -

11. REFERENCE:

U. S. Army Engineer Waterways Experiment Station, Technical Report
No. 3-599, "Dynamic Bearing Capacity of Soils; Report 5, Vertical
Displacements of Spread Footings on Clay: Static and Impulsive
Loadings," September 1963, Appendix A. ‘
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. Cc-2
1. TITLE AND/OR TYPE: Dynamic Loading Apparatu:s (Small Ram)

2. LOCATION: IIT Research Institute
Techr >logy Center
10 w. 35th Street
Chicago, Illinois 60616

3.~ dWNER; IIT Research Institute

' 4; LOADING CHARACTERISTICS:

a. Force: From 0 to 520 pounds with a 13-msec valve opening
b. Rise Time: 2 to 5 milliseconds |

c. Dwell Time: Variable

d. Decay Time: Determined by the length_of time the solenoid
is actuated; and a sudden decay to zero force (approx. 5 msec) after
the hydraulic valve is closed.

5. PHYSICAL DESCRIPTION (Figure 8): The apparatus consists of a
nitrogen bottle, capable of delivering 2400 psi; an air pressure
regulator; and an air accumulator; a hydraulic accumulator; a solenoid
operated hydraulic valve; and a hydraulic cylinder.

6. DRIVER: Nitrogen and hydraulic system

7. CONTROLS: A Barksdéle a-c. solenoid, 3-way valve

8. AVAILABILITY: Contact address above for inquiry

9. OTHER CONSIDERATICONS: Test frame allows the ram to be used both
in an inclined position as well as vertical. This apparatus might
well be censidered a portable loading device. The Armour Glass Box
and 4-foot-square soil bin are just two of the many accessories that
can be utilized with thlS ram loader.

10. DISCUSSION: This device has been used in the study of soil-
structure interaction for buried structures. The apparatus has been
used in conjunction with a large circular soil bin for footing tests
and an analytical and experimental investigation of the axial loadings
of silo linings generated by skin friction effects at the structure-
soil interface. One study for the Structures Branch of the Air Force
Weapons Laboratory gave the initial impetus for the development of
this device. The study was called "Design and Analysis of Foundations
for Protective Structures.”" It is planned to use this device in a
future study of the soil-related dynamic problems of fluidizationm.

17
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11. REFERENCES:

a. Shenkman, S., and McKee, K. E., "The Armour Research Foundation
Dynamic Soil Facility,' Armour Research Foundation Pamphlet, pages A-6, A-7,
A~12 and A-13, 7 December 1961.

b. McKee, K. E., "Design and Analysis of Foundations for Erotective
Structures," Appendix A., AFSWC-TN-61-14, Armour Research Foundation, Chicago,
May 1961. ‘ ’ X
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D-2
1. TITLE AND/OR TYPE: Dynapak Loading Machine

2. LOCATION: U. S. Army Engineer Waterways Experiment'Station,
Vicksburg, Mississippi

3. OWNER: U. S. Army

4, LOADING CHARACTERISTICS: Machine applies controlled static and
impulsive driving forces to a vertical load column. Specimen
loadings are the combined result of the driving force and the inertia
force generated by the load-column assembly (minimum weight approxi-
mately 160 1bs) as the specimen deforms. Characteristics of the
impulsive driving forces are as follows:

a. Force: Minimum (lbs) 500 = Maximum (1bs) ‘so,ooo*
b. Rise Time: Variable between 3 and 150 msec

c. Dweil Time: Variable between 0 and several hours
d. Decay Time: Variable between 20‘msec and 10 sec

5. PHYSICAL DESCRIPTION (Figures 9, 10, & 11): Specimen clearances
are governed by height between bot tom of load column and floor
(variable between 4-1/2' and 51 inches) and width between support
colums (8 feet).

6. DRIVER: Gas pressure applied to either side of load collar
surrounding a 4-inch-diam load column. Ram stroke limited to 6 inches,
but it must be stopped by specimen resistance.

7. CONTROLS: Prepressurization of various chambers with electrically
sequenced gas flow to control magnitude and shape of axial driving
force.

8. AVAILABILITY: The Dynapak loading machine is normally scheduled
for fulltime use on Waterways Experiment Station testing programs;
however, testing that is considered to be within the capabilities of
the loader may be conducted for other interested agencies on a priority
basis. Inquiries should be sent to: Director, U. S. Army Engineer
Waterways Experiment Station, P. O. Box 631, Vicksburg, Mississippi
39181.

* Loads up to 42,000 1bs have been applied to a large 3-ft-square
footing. Normally, the machine is not used to apply loads over
25,000 to 30,000 1bs. Test specimens which rupture cannot be
tested unless provisions can be made to provide sufficient resistance
to arrest the load-column movement before the end of its 6 inch
stroke.
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FIGURE 1.
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9. OTHER CONSIDERATIONS: Mobile soil carts are available to contain
prepared soil specimens (fig. 10). The carts are mounted on tracks
running beneath the loading machine. The inside dimensions of the
carts are as follows: First-type cart: 3 feet 4 inches wide at the
top, 2 feet deep, 11 feet 10 inches long, with a volume of 108 cubic
feet. Seczond-type cart: 7 feet 2 inches wide at the top, 3 feet
deep, 21 feet 6 inches long, with a volume of 340 cubic feet,

A thick~walled one~dimensional compression testing device (fig. 11)
has been designed and fabricated which can be used with the Dynapak
loader to produce uniformly disiributed, controlled pressure pulses
of up to about 3000 and 500 lbs psi on specimens 4 and 10 inches in
diameter, respectively. )

10. DISCUSSION: The Dynapak has been used to conduct model tests on
small-scale footings resting on carefully prepared clay specimens.
This was the first of a series of tests to be conducted using the
principles of similitude to gain the capability of predicting the
dynamic displacement response of prototype foundations subjected to
nuclear blast loadings. These same principles are presently being
applied to a series of small-scale footings buried in carefully pre-
pared sand specimens.

11. REFERENCES:

a. U. S. Army Engineer Waterways Experiment Station, Vicksburg,
Miss., Technical Report No. 3-599, "'Dynamic Bearing Capacity of Soils;
Report 1, Dynamic Loading Machine and Preliminary Small-fcale
Footing Tests," June 1962, pp vii, 2, 6-8.

b. U. S. Army Engineer Waterways Experiment Station, Vicksburg,
Miss., Technical Report No. 3-599, 'Dynamic Bearing Capacity of Soils;
Report 2, Dynamically loaded Small-Scale Footing Tests on Dense Sand,"
in publication.

é; U. S. Army Engineer Waterways Experiment Station, Vicksburg,
Miss., Technical Report No. 3-599, 'Dynamic Bearing Capacity of Soils;
Report 3, The Application of Similitude to Small-Scale Footing Tests,"

- December 1964, Appendix B.

d. U. S. Army Engineer Waterways Experiment Station, Vicksburg,
Miss., Technical Report No. 3-599, 'Dynamic Bearing Capacity of Soils;
Report 4, Investigation of a Dimensionless Lcad Displacement Relation
for Footings on Clay," in publication.
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E-2
1. TITLE AND/OR TYPE: Earth Shock Tube/Hyge Shock Tester

2. LOCATION: Atlantic Research Corporation
Alexandria, Virginia '

3. OWNER: U, S. Army
4. LOADING CHARACTERISTICS:

a. Type Wave: Step input can be varied with choice of various
metering pins

b. Pressure: Minimum(psi) 0 Maxi-um(psi) approximately 500 psi
c. Force: Minimum (1bs) 0  Maximum ‘'bs) 40,000 static
d. Rise Time: 2 - 3 milliseconds

e. Dwell Time: With Step input usable dwell time of about 40
milliseconds

f. Decay Time: Depends on soil relaxation. Essentially soil
remains loaded until the Hyge Shock Tester is reversed.

5. PHYSICAL DESCRIPTION (Figures 12 & 13): The device consists of a
Hyge Shock Tester as manufactured by Consolidated Electrodynamics Corp.
supported by structural members and a hydraulic jacking system which
raises and lowers the shock tester. This rests on a massive foundation
consisting of approximately 800 cubic feet of reinforced concrete. A
three foot diameter formed hole, ten feet deep is located &t the middle
of the ten feet squared foundation. A ten foot long, ten inch I. D.
shock tube is securely fastened and centered in this hole. When the
tube is filled with some type soil medium a circular steel plate

called a "Piston" is placed on the soil. Between the ram of the Hyge
Shock Testar and the piston is a BLH load cell. The shock tube is
triggered and the strvoke of the ram pushes the load ceil and piston
into the upper portion of the soil creating a shock.

6. DRIVER: Pneumatic-Hydraulic System

7. AVAILABILITY: Contact Mr. Bevnard P. Polanin at Atlantic Research
Corporation, Alexandria, Virginia.

8. REPERENCE:
Polanin, B.P., and Bryant, R. C., "Design and Instrumentation of an

Earth Shock Tube -~ Progress Report No. 7" Atlantic kasearch Corporatiom,
Alexandria. Virginia, pages 1, 2, 3, and Figure 1, 9 February 196l.
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F-2

1. .TITLE AND/GR TYPE: MDI Model DM 4-50 Dynamic Material Evaluation
Machine

2, - LOCATION: U. S. Naval Civil Engineering Laboratory
Port Hueneme, California 93041

3. OWNER: U. S. Navy

4. LOADING CHARACTERISTICS:
a. Force: Minimum (1bs) O Maximum (1bs) 50,000
b. Rise Time: Adjustable from Zz to 200 milliseconds

c. Dwell Time: Adjustable from O to 2 seconds
' Constant Head Velocity Range: 3 to 1800 inches/minute

d. Constant Strain Rate: 0.02 to 1.5 inches/inch/second on a
2 inch gauge length specimen :

5. PHYéICAL DESCRIPTION (Figures. 14 & 15):
a. Height: 126 inches
b. Width: 52 inches :
é. Depth: 21 inches
d. Weight: 2,500 pounds
e. Clearance between Specimen Grips: 2X2X2 feet
f. Grip Adjustable Distance: 1i8 inches |
g. Total Stroke: 4 inches |
h. Operating Pressure: 300 to 2600 psi
6. DRIVER: Hydraulic and compressed air system
7. CONTROLS: Control console
8. AVAILABILITY: Available by scheduled arrangement
9. OTHER CONSIDERATIONS: The machine is capable of either tension or

compression testing. An environmental chamber capable of maintaining
temperature at + 2F from room temperature to -100F is provided.
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10. DISCUSSION: The machine is used to determine the dynamic proper-
ties of basic materials, such as, determination of the variation in
certain parameters such as ‘the increase in yleld stress when certain
materials are subject to blast-type loads.

- 11. REFERENCES:

a. ''Progress Report for FY 1963 on Tasks Pertaining to
Protective Structures,” U. S, Naval Civil Engineering Laboratory,
page 20, July 1963.

b. "Schedule NBY-32212,” Specifications for purchase of the
Dynamic Material Evaluation Machine, Fage 3, undated.

c. '"Machine Dynamics Incorporated Instruction Manual;
tlodel No. DM 4-5C Dynamic Material Evaluation !achine, pages 1, 2,
and 9, undated.

d. "NCEL Dynamic Tes“ing Machine:, Technical Report R-331
by W. L. Cowell, U, S. Naval Civil Engineering Laboratory, 30 October
1964, ‘
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1. TITLE AND/OR TYPE: 60-Kip Capacity Ram Loader (1, 2, & 3)

-2. LOCATION: University of Illinois
Attn: Prof. George K. Sinnamon
Talbot Laboratory
Urbana, Illinois

3. OWNER: No. 1 and No. 2 U. S. Air Force (Contract AF 33(616)-170,
Supplemental Agreement S9(55-102), No. 3 University of Illinois

4. LOADING CHARACTERISTICS:

a. Pulseload: A load having any selected value up to 62,800
pounds can be applied, either slowly or rapidly. For a compressive
loading, approximately 70 percent of the load acts at the end of
an 18 inch stroke or approximately 80 percent at the end of a 12
inch stroke.

b. Rise Time: For a compressive loading using nitrogen as the
pressure source the rise time will range between 5 & 18 milliseconds
depending upon the pressure and piston position. For helium the
compressive load rise time will range between 3 and 8 milliseconds.

¢. Dwell Time: Adjustable from a true peak with zero dwell to
many hours

d. Decay Time: The time varies with the gas used as a driver
from approximately 5 to 43 milliseconds and is controllable between
this range.

5. DPHYSICAL DESCRIPTION (Figures 16, 17, & 18): This machine consists
of a main piston assembly, slide valve chamber assemblies, and trigger
assemblies. In addition, large 36 inch 0.D., cylinders are clamped and
sealed sround each of the slide valve chambers to act as storage
chambers into which the gas discharges when the machine is used in

the explosion mode or as hign pressure storage chambers when the
implosion mode of operation is utilized.

6. DRIVER: Nitrogen and/or helium

7. CONTROLS: Controls ace in a room isolated from the firing area.
This room controls the distribution valves for gas loading the

devices, firing switch, gas storage, and instrument recording apparatus.
8. AVAILABILITY: Arrangements for use may be made by contacting

Professor George K. Sinnsmon, Civil Engineering Department, Talbot
Laboratory, University of Illincis, Urbana, Illinois.
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9. OTHER CONSIDERATIONS: Machines 1 and ? have recently been
modified to have operational characteristics and physical appearance
of machine No. 3. These modifications have been accomplished after
Professor Egger vrote his report listed as reference one. However,
1 and 2 can be still operated as described in the referenced report.

10. DISCUSSION: The design of these machines was based upon a
20 Kip Pulse loading device desigrned by J. M. Massard for the
University of Illinois. Larger machines were needed to obtain
dynamic tests of structures aad structural components.

11. REFERENCES:

a. Ahlers, E. B., "Experimental Methods of Determining the
Behavior of Underground Structures Under Dynamic Loads," for Office
of Civil &« Defense Mobilization (OCDM) Battle Creed, Michigan,
Armour Research Foundation, Techaology Cente = Chicago 16, Illinois.

b. Sinnamon, George K., & Newmark N. M., "Facilities for
Dvnzmic Testing of Soils,” Reprint from Symposium on Soil Dynamics
Special Technjcr1l Publication No. 305, American Society for Tosting
ar.d Materials, 1961, Civil Engineering Studies, Structural Resezrch
Series No. 244, University of Illinois, Urbana, Illinois, pages 39,
40 and 41, June 1961. '

c. Egger, W., "“60 Kip Capacity Slow or Rapid Loading Apparatus,’
Structural Research Series No. 158, University of illinois, Urbana,
I1linois for Research Directorate, A. F. Special Weapons Center, ARDC,
Contract AF 33(616)-170, pages 1, 2, 6, 7, 8 and 9.
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TITLE AND/OR TYPE: University of Illinois 7-Kip Pneumatic-
‘ Hydraulic Loading Machine

LCCATION: University of Illinois

Attn: Prof. George K. sSinnamon

Talbot Laboratory

Urbana, Illinois
OWNER: Defense Atomic Support Agency Contract AF 29(601)-5535
LOADING CHARACTERISTICS:
a. Type: Loader Combination, Hydraulic-Pneumatic Ram Loader
b. Force:

(1) Loading Machine, Pneumatic
(a) Valve chamber pressures - 400 psi

(b) Main chamber

1 3/4" thick piston, 1" travel, maximum pressure
700 psi, maximum load approximately 6.7 kips

2 1" thick piston, 0.8" travel, maximum pressure
1000 psi, maximum load approximately 9.6 kips

(2) Loading Machine, Hydraulic
(a) Valve chamber pressvres - 400 psi

(b) Main chamber maximum pressure - 640 psi, maximum
load approximately 6.1 kips, 1" travel

(c) Ratz of movement approximately 330 inches/sec to
+3 inches/min

(3) Triaxial Cell

(a) Sample size - 1-1/2 inches in diameter by 3 or 3-
1/4 inches long

(b) Maximum cell pressure - 1500 psi. (The trigxial
cell itself will withstand pressures as high as
3000 psi: howrver, the O-ring seals should be care-
fully inspected zfter each test at pressures above
1500 pnsi).
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(c) Load cell capacity is sufficient for triaxial tests
run at confining pressures up to 1000 psi and axial
pressures of 4000 psi.

(d) Max:mum piston travel - 1-1/2 inches
5. PHYSICAL DESCRIPTION (Figures 19, 20, 21, & 22):
a. Height: Overall, including triaxial cell apparatus 5'-6"
b. Width: 1'-6" approximately
c. Depth: 1'-6" approximately
d. See 4b above.
6. DRIVER: Gas with or without hydraulic speed control.

7. CONTROLS: The operation of the loading machine is dependent on
three fast opening valves, the main valve, oil valve, and decay valve
(sce the drawing of the hydraulic circuit and the assem.ly drawing

of the machine.) Although opening each of these valves produces a
different net machine output, they all operate in exactly the same
manner.

The valves are designed so that pressure on the upstream side of
the port cannot produce a net force in the direction of the longi-
tudinal axis of the valve. The motivating force is provided by
charging a small chamber under the piston at the top of the valve.
The valve is held down by a mechanical restraint (the rel:ase
mechanism) which is removed by a solenoid at the desired time.

8. AVAILABILITY: Arrangement for use may be made by contacting
Professor George K. Sinnamon, Civil Engineering Department, University
of Illinois, Urbana, Illinois.

9. OTHER CONSIDERATIONS: When operated hydraulically, the system
allows slower rates of application of the load and in many instances,
a nearly constant strain rate.

The triaxial cell is of more or less conventional design with
modifications for rapid loading. The axial load is measured by
strain gauge dynamometer mounted in the base of the cell. The piston
is guided by Thompson ball bushings and sealed by a quad-ring. An
LVDT is used to measure the sample deformation.

10. DISCUSSION: The pneumatic portion of the 7 Kip loading machine
is essentially miniaturi{zed version of existing pneumatic loading
machines in the Dynamics Laboratory at Lhe University of Illinois.
It deviates in operation from the larger machines in that it
operates in only one direction and its normal mode will apply
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compressive loads. In addition to the pneumatic portion, the 7 kip
loading machine also incorporates a hydraulic system with which it is
possible to apply a constant load over a wide range of strain rates.
Operated in this manner, the loading machine essentially acts as a

gas over oil piston-type accumulator. The oil is allowed to flow out

of the accumulator through a micro-regulating valve, thereby controlling
the quantity of flow with respect to time and the movement of the piston
with respect to time.

11. REFERENCE:

Smith, J. L., 'Operation Instructions - 7 kip Pneumatic-Hydraulic
Loading Machine and Triaxial Apparatus.' University of Illinois
Urbana, Illinois, Pages 1, 2, 3, 4, 5 and Dwg. Sheet Nos. 2, 3,
and 38: 1 August 1963.
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1. TITLE AND/OR TYPE: 20-Kip Pulse Loading Device

2. LOCATION: University of Illinois
Attn: Prof. George K. Sinnamon
Talbot Laboratory
Urbana, Illinois

3. OWNER: University of Illinois

4. LOADING CHARACTERISTICS:
a. Force: Minimum (lbs) variable Maximum (1bs) 19,000
b. Rise Time: 2 milliseconds
c. Dwell Time: Variable

d. Decay Time: 90Z removal of the loading in about 0.25
seconds

e. Stroke: 5.25 inches in either tension or compression

5. PHYSICAL DESCRIPTION (Figures 23 & 24): The major elements of
the loading device are shown in figure 24, The external chambers,
each 1870 cubic inches in volume, act as accumulators for the
pressurized gas. The internal chambers (one on either side of the
piston) each have a volume of 120 cubic inches when the piston is
in its centrel position. The wain piston is 5.145 inches in
diameter. The machine is designed to operate at a peak pressure of
1000 psi. Aluminum slide valves, covering orifices of 18 square
inches area, control the passage of gas between the exte nal and
internal chambers. The walls of one external chamber contain a
poppet valve system of 39 square inches orifice area.

6. DRIVER: Nitrogen and/or helium

7. CONTROLS: Controls are in a room isolated from the firing area.
This room controls the distribution valves for gas loading the devices,
firing switch, gas storage, and instrument recording apparatus.

8. AVAILABILITY: Arrangements for use, may be made by contacting
Professor George F. Sinnamon, Civil Engineering Department, Talbot
Laboratory, University of Illinois, Urbana , Illinois.

9. DISCUSSION: The 20,000 pound capacity slow or rapid lvading deavice
was developed over a perind of several years in the structurai

Regearch Lsboratory, Department of Civil Engineering, University of
Illinois. The original machine was developed by F. M. Massard but
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FIGURE 23. 20-KIP PULSE LOADING DEVICE
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over the years it has had many modifications.

The device is a loading type machine; the force applied to the
test specimen results from gas pressure acting on a piston. The flow
of gas onto and off of the loading piston 1s controlled by two types
of rapidly operable, balanced valves; the valves are balanced in
the sense that the forces required to restrain and activate these
valves are not markedly affected by the orifice area and gas pressure
level.

10, REFERENCE:
Wright, R. N., Hall, W. F., and Hamada, H. S., ''The Behavior
of Structural Steel Under Slow and Rapid Reversal of Loading" Sixty-

seventh Annual Meeting of the American Society for Testing Materials,
Reprint. pages 21 and 22, 21-26 June 1964.
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1. TITLE AND/OR TYPE: WES - MIT Impact Loader

2. LOCATION:® U. S. Army Engineer Waterways Experiment Station
Carps of Engineers
Vicksburg, +fississippi

3. OWNER: U. S. Army

4. LOADING CHARACTERISTICS:
a. Pregsure: (Tank) Minimum (psi) O Maximum (psi) 800
b. Force:.'Minimﬁm (Ibs) 0 Maximum (1bs) 50,000

c. Rise Time: 1 to 5 milliseconds (waries according to type
of material being t=sted) .

d. Dwell Time: No lo.’ release
5. PHYSICAL DESCRIFTION: (Figure 25)
a. Diaméter: 4 inch diameter head -
t. Length: 4 inch maximum stroke of piston.
6. DRIVER: Pres;urizgd nitrogen

7. CONTROLS: Electromagnetic valve opens and nitrogen is released.
The nitrogen in turn drives the piston. Load cells are on the piston
shaft and under the specimen. Deformations are measured with a linear
potentiometer. Strain is measured with strain gages. Stress, strain,
and deformations are recorded with an oscilloscope.

8. AVAILABILITY: The WES MIT impact loader is normally scheduled

for full-time use on Waterways Experiment Station testing programs;
however, testing that is considered to be within the capabilities of
the loader may be conducted for other interested agencies on a priority
basis. Inquiries should be sent to: Director, U. S. Army Engineer
Waterways Experiment Station, P. O. Box 631, Vicksburg, Mississippi

- 39181.

9. OTHER CONSIDERATIONS: A control valve is on an auxiliary nitrogen
tank. This valv: insures constant pressure on an electromagnetic
valve. When this vaive is energized, the nitrogen releases a

trigger piston which releases the pressurized N, that drives the
piston. Specimen heights can be varied to a maximum of 3 feet.

10. DISCUSSION: The WES -~ MIT impact loader is located within the
Concrete Division building at WES's Jackson Installation.
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1. TITLE AND/OR TYPE: WES - 200-Kip Loader
2. LOCATION U. S. Army Engineer Waterways Experiment Ste+ior
Corps of Engineers
- Vicksturg, Mississippi

3. OWNER: Defense Atomic Support Agency (DASA)

- 4, LOADING CHARACTERISTICS: (see discussion)

a. Force: Minimum (1bs) O for both Maximum {ibs) 200,000
’ static and dynamic with 1lbs with possibly higher
. considerably reduced capabilities.
{ : accuracies in the lower
ranges.

b. Rise Time: Variable from 1.5 msec up (uncontrolled)
depending upon specimen being tested.

¢. Dwell Time: Obhtainable but uncontrollable in msec range.

d. Decay Time: Variable from a few msec and up (uncontrolled)
depending upon piston velocity at time of initia-
tion of decay load.

5. PHYSICAL DESCRIPTION (Figure 26):
a. Diameter: Piston - 9.5 inches Piston Shafts - 4 inches
b. Length: Over-all height of device - 14 feet, 4 inches

c. Cther: Maximum stroke - & inches. Maximum area available
for specimen placement is 8 feet high by 5 feet wide
by 25 feet long.

6. DRIVER: Open-looped hydraulic pressure spplied to piston.

7. CONTROLS: Dynamic loads are obtained by rupturing a metal disc for
rise and decay of load. Static loads are obtained by manual control
of a hand valve.

8. AVAILABILITY: The 200-kip loader is normally scheduled for full
time use on Waterways Experiment Station testing programs: hov«ver,
testing that is considered to be within the capabilities of the
loader may be conducted for other interested agencies cn a priority
basis. Inquiries should be sent to: Director, U. S. Army Engineer
Watervays Experiment Station, P. O, Box 631, Victksburg, Mississippi
39181.
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9, OTHER CONSIDERATIONS: This loader is a companion item of equipment
with the WES 500-kip loader which together provide a capability ror
testing of atructural shapes with loading rates varying from a true
static load to rates where the maximum load is reached in a very few
msec, This loader provsides the capability for the very fast rise

type of load.

10, DISCUSSION: The ”00-kip loader i3 a3 hydraulic, opec-looped,
testing device capable of applying a concentrated load in short times
over a maximum of 4 inches of stroke. The loader is s:cheduled to be
operational in the fall 1965 with losding characteristics defined in
Section 4. Efforts to design valves capable of controlling the rise
and decay of the load will be continued after installation of the
device.

~ Loud: The device is designed to apply loads varying from 10,000
to 200,000 1bs in either tension or compression and has applied loads
in compression in excess of 200,000 1bs to specimens. The design of
the devi:e is such that loads as high as 400,000 1bs may be possible
with tlie device; however, definiticn of the maximum load capability
of the device is subjected to further evaluation.

Load~Time History: The minimum time required to develop a specific
load is subject to many variables which include piston location,
magnitud~ of load, response of resisting member, and characteristics
of the control valves, etc.: therefuore, the rise-time characteristics
of the loader are a function of the test conditions. A minimum rise-
time ot 1.3 msec for a load in excess of 200,000 1bs with approxinately
1/4 inch movement of the piston has been obtained with the device,
indicating that rise-times approaching 1 msec might be obtained fcr
stiff spezimens.

Accuracy and ability to obtain hold-times in the msec range
cannot be defined at this time. Considerable experience is needed in
operating with rupture discs that control the porting of the oil in
the loader before the capability of rupture discs to contrel pressure-
time histories can be defined.

Times required to decay a load have not been determined: however.

they also will be a function of many variables. Times approaching 1
msec should be obtained under certain conditions.

Specimen Limitations: The type and size of specimen that cam be
tes ad include:

a. Beams up to 24 inches duep, 18 inches wide, and 144 inches
long.

b, Columns with a maximum height of 6 feet and cross-sectional
dismeter of 18 inches.
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¢. Circular specimens having a maximum diometer at the grips of
2~1/2 inches and approximately 36 inches ong urder tensils loading.

d. Tests whare 2-point loading is required up to a maximum f
feet between poiuts of lcad applicaticn.
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1. TITLE AND/OR TYPE: WES - 5GC-7¢» Loadler

2, LOCATION: . S. Army Engineer Yaterways Experiment Station
Corps of Engineers
Vicksburg, Missis:. 'pni

3. OWNER: Defense Atomic Support Agency (DASA)
. LOAING CHARACTERISTICS: (see discussion)

a. lorce: Minimum (1bs) O for all Max?mum (1lbs) Variable
loading rates with con- with 700,000 1bs for
giderably reduced accuracies true static load.
in the lower ranges.

b. Rise Time: Controllable variable depending upon specimen being
‘ tested. Minimum time will be availablie in late
summer 1965,

¢. Dwell Time: Controllabie and variable from seconds to hours.

d. Decay Time: Controllable and variable depending upon specimen
tested, Minimum time will be available in late
" summer 1965,

5. PHYSICAL DESCRIPTION (Figure 27, 28,-29)
a. Dismeter: Piston - 18 inches Pigton Shaft - 8 inches
b. Length: Over-all height of device - 5 feet, 1 inch

¢. Other: Maximum stroke - 18 inches. Maximum area available for
specimen placement is 8 feet high by 5 feet wide by
25 feet long.

6. DRIVER: Hydraulic pressure applied to top and bottom of piston.

7. CONTROLS: Closad-looped, servo-controlled hydraulic syatem. Maxi-
mun travel of the piston is 18 inches in tension or compression with
provisions to limit travel to 4 or 8 inches for compression loading.

The meximum gamping capability of the device is defined by two
conditione, position rempin; or load ramping. Figure 28 is a plot of
the maximum position ramping rate of the device vs. resistance to the
piston. Figure 29 is a plot of the position of the piston from the
end of the chamber ve. load ramping rate for thre: values of resistance
to the piston. This plot ass.mes no novemant of the piaton. The
curves shown in Figure 29 should be recognized as limiting values of
s naximum theoretical capability. The curves must de considered to-
gether for avaluation of a particulsr desired test, f.a., §f a coupon
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vere tested at a specific load rate, this rate would be maintained
only if the posivion rate as defined in Figure 28 is not exceeded.
Position ramp ranges of .001 to .01, .01 to .1,.1 to 1.0, and 1.0 to
10.0 inches per second and load ramp ranges of 0 to 100, 0 to 1000,
0 to 10,000, and 0 to 100,000 kips per second are available, 1In
addition, the device can be operated at a specific position or load
rate, a specific load rate then position control, or by an arbitrary
function generator for any particular test,

8. AVAILABILITY: The WES 500-kip loader is normally scheduled for
fulltime use on Waterways Experiment Station testing programs: how-
ever, testing that is considered to be within the capabilities of the
loader may be conducted for other interested agencies on a priority
bagsis. Inquiries should be sent to: Directer, U. S. Army Engineer
Waterways Experiment Station, P. 0. Box 631, Vicksburg, Mississippi
39181.

9, OTHER CONSIDERATIONS: This loader is a companion item of equip-
ment with the WES 200-kip loader which together provide a capability
for testing structural shapes with loading rates varying from a true
static load to rates where the maximum load is reached in a very

few msecs. This loader provides the capability for rates of loading
varying from times to maximum load in the high msec range to a true
static load. '

10. DISCUSSION: The device shall be used primarily to determine the
effect of strain rate on the strength characteristics of various
structural materials as well as to determine the various strc.. th
parameters of various engineering materials in botbh tension and com-
pression under either transient or static loads. The device wiil te
operational in the summer of 1965.
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SECTION III

SHOCK TUBES
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1. TITLE AND/OR TYPE: Air Force 2-Foot-Diameter Shock Tube

2. LOCATION: Eric H. Wang Civil Engineering Research Facility
Area Y
Sandia Base, New Mexiro

3. OWNER: U, S. Air Force
4. LOADING CHARACTERISTICS:
a. Type Wave: Exponential Decay
b, Pressure: Minimum (psi) Up to 200 Maximum (psi)
c. Rise Time: 1Instantaneovs
d.A Time: Positive Duration

e. Decay Time: All values to 160 mill!seconds for entire range
of overpressures up to 100 gt

5. PHYSICAL DESCRIPTION (Figure 30):

The over-all length is i32 fee., 6 inches and is made up of six
sections 20 feet long ard one secticn 12 feet, 6 iuches long. These
sections are steel pipe 24 inchas 0.D., 5/8 inch wall thickness with
heavy flanges at each end that permit vwarious sections to be bolted
te~ether.

6. DRIVER: Primazord
7. CONTROLS: U.E.D. - Ampex Control Counsel

8. AVAILABILITY: Available to other go.:rnment agencies and to
contractors of the United States Govermment on contracts requiring the
use of and within th: iimitacions of tie tube., Scheduling is controlled
by the Air Force Project Officer and the Facility Director.

9. OTHER CONSIDERATICNS: 7The two foot tube is fired with a closed-
end compression chamber and an cpen-end expansior chamber. A hinged-
blind flange is used for the compression chamber door and is bolted
in place, for each firing. The tube is held in place by a trunnion
placed 50 feet downstream from the compression chamber.

10. DISCUSSION: This tube has been used for tests of several types

of blast valves, filters, air intakes and exhaust ducts. A rorticn
of this tuhe was used to erect the first vertical tube.
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11. REFERENCE:

a. Crist, Robert A., "The Use of Rock Filters to Attenuate
Air Shocks,' AFSWC TPR-63-27, March 1961.

b. Holt, R. E., and Crist, R. A,, "Calibration of a Six-Foot
and a Two-Foot Diameter Shock Tube, AFSWC TDR-63-5, April 1963.
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1.

2.

3.

TITLE AND/OR TYPE:

LOCATION:

OWNER:

E-3

The Boeing Company
Tulalip Test Site
Marysville, Washington

The United States Air Force

LCADING CHARACTERISTICS:

a. Type Wave

1)
(2)

- (3)

The Boeing 24 - 36-Inch Shock Tube Facility

Peaked Wave - Simulated nuclear blast waves

Flat Wave - Simulated blast waves in underground duct

facilities

Reflected Waves - Simulated reflected blast wave loading
on underground duct facility components

(Blast Valves).

b. Pressure (Figure 31):

(1)

(2)

24 -Inch Shock Tube

Primacord Driver

Maximum
Incident 150 psig
Reflected 600 psig
Minimum
Incident 15 psig
Reflected 35 psig

36-Inch Shock Tube (24 Inch Driver)

Primacord Driver

Maximum
Incident 60 psig
Reflected 230 psig
Minimum
Incident 10 psig
Reflected 21 psig
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(3) 2'-6" X 4'-4" Cross Section Driven Section (24 Inch Driver)

Primacord Driver Air Driver
Maximum
Incident 27 psig 4 psiz
Reflected 75 psig 8 psig
Minimum
Incident 4 psig 0
Reflected 8 psig 0

¢. Force - Force is defined as reflected pressure times the area
of application.

(1) 24 Inch Shock Tube (i.d. of 22 inches)

Maximum 200 kips
Minimum 0

(2) 36 Inch Shock Tube (1.d. of 35 1/4 inches)

Maximum 200 kips
Minimum _ 0

(3) 2'-6" X 4'-4" Cross Section Driven Section

Maximum 100 kips
Minimum e

d. Rise Time - The pressure rise time across the shock waves is
usually much less than one miliisecond. The rise
time can be increased to several milliseconds for
low pressure waves.
e. Dwell Time - Incident and Reflected Waves
Flat Time - Zero to greater than 50 milliseconds

f. Decay Time - Defined as the time from oversressure level of
interest to no overpressure. This time varies
from a few milligseconds to approximately 40
milliseconds depending upcn the shock tube con-
figuration.

PHYSICAL DESCRIPTION

a., Shock Tube:

24 Inch Shock Tube:
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b.

Maximum tube length is approximately 118 feet. Inside diameter
is 22 inches throughout. The tube consists of 4 sections each
of 25 foot length, 1 section of 12 foot length, and 3 chambers
(designed as high pressure driver section for use with high
explosive loadings) of 22, 22 and 33 inch length.

36 Inch Shock Tube:

The maximum tube length is approximately 89 feet. It has an
inside diameter of 35-1/4 inches throughout. The tube consists
of 5 sectinns each of 15 foot length and 2 sections each of G
foot length. An additional thick wall chamber of 30 inch
length can be used as a detonation chamber for use with the 36
inch tube, or modified to be used a8 a transition section be-
tween the 24 inch and 36 inch tubes. The 36 inch tube can be
used by itself or in conjunction with the 24 inch tube as a
driver.

2'-6" x 4"-4" Rectangular Driven Section:

The maximum tube length is approximately 20 feet. It is
rectangular in cross section with inside dimeneions of
2'-6" x 4'-4" throughout. This tube is attached to the 24
inch shock tube by a 7 foot long transition section.

A breakdown of the shock tubes is presernted below:

24 Inch 36 Inch#* 2'6"x414"%
Shock Tube Shock Tube Driven Section

Section Lengths
(Numbz: of) (4) 25 feet (5) 15 feet (1) 20 feet
(1) 12 feet (2) 6 feet (1) 7 feet**
(1) 35 inches (1) 30 inches**
(2) 22 inches

Length (total) 118 feet 89 feet 20 feeo
Internal Diameter 22 inches 35 1/4 inches 2'6'"x4'4"
rectangular

cross-section

Mounting System:

The shock tube (or tubes) is supported above the ground on steel
racks. The downstream end of the tube (opposite the driver end)
is attarhed to a rigid steel structure which is in turn bolted
to = e concrete pad.

*A transition section is used to cenrnect this tube with the 24 inch
shock tube. The 36 inch tube can be ur=d alene.
**Transition section between this tube and 24 inch shock tnbe.
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6. DRIVER - The shock tube facility has only been used with the 24
inch shock tube as the driver.

a. Low Pressure (0-10 psig) - Compressed gas with mechanically
ruptured mylar diaphragm,

b. Medium - High Pressure - Primacord fuse detonated in ambient
(15-150 psig) air or compressed gas gcnerates the
high pressure in the driver.

¢. Pressure Ratios (10~100) - The driver is prepared as in (b),
and the driven section of the tube
is evacuated to as low as 0.1 psia.

Recent tests have been conducted using various combinations of
pressurized gas with Primacord in the driver (The driven section
was at ambient pressure). By using this technique, the JIriver
sound speed was controlled resuiting in high pressure shocks with
over 50 milliseconds of flat time. This increased "flat time"
has greatly improved the usefulness of the facility which was
originally designed for a '"flat tine" of approximatc'y 15 milli-
seconds.

7. CONTROLS - Remote iu hardened control house,

The shock tube facility and associated control equipment are
located in a remote area with sufficient A.C./D.C. power to support the
operation in a hardened control house. All test runs are conducted
temotely from within the control house.

Safety procedures and controls have been established for handling
the explosives. No accidents involving explosives have occurred.

8. AVAILABILITY - Sutject to negotiation.

The shock tube and associated facilities were purchased with Air
Force funds for qualification tests on Minuteman blast valves and
blast dampers. If no conflict exists with Minuteman tests, the
facility is availabtle for use subject to negotiations with the
Boeing Company.

Inquiries concerning the availability of the shock tube should be
addressed to: Raymond G, Day

Orgn: 2-5742, Mail Stop 31-01

The Boeing Company

P. 0. Box 3707

Seattle, Washington 98124

Phone: Area Code 206, OL 9-1291
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9. OTHER CONSIDERATIONS - Fifty-five channels of instrumentation with
frequency respouse up to 20,000 cps are
available.

The recording instrumentation is located in a hardened control
house. Typical instrumentation includes: piezoelectric pressure
transducers, Kistler Charge Amplifiers, two Ampex CP 100 tape
recorders (14 channels each), and either a Honeywell 1012 Visicorder
Oscillograph or a CEC 5-119 Oscillograph. Frequ.acy responses of
up to 20,000 cps may be obtained.

The instrumentation can be readily expanded to four Ampex CP
100 tape recorders.

10. DISCUSSION -~ The facility has been used for generating blast
loads on blast valves and blast dampers, blowby
damage evaluation on facilities and subscale
tests on air entrainment duct systenms.

The following systems have been successfully tested with this shock
tube facility:

a. Blast Valves and Blast Dampers:

Full scale blast valves and blast dampers were located at

the downstream end of the tube and subjected to pressures of
prescribed magnitudes and decay rates Incident pressures
ranged from 1 psig to approximately 1! 0 psig. Both air and
Primacord drivers were used. In all cases, the criven chamber
contained air at ambient pressure. Tube configurations ased
for these include: The 24 inch shock tube, the 24 inch and

36 inch shock tubes, and the 24 inch tube and 2'6" X 4°4"
ariven section.

b. Facilities Dounstream nf Blast _amwnars:

Full scale environmental control equipment has been located
dowvmstr.am of a blast damper to eva.uate the effects of
"plowby". '"Blowby' is the air pressure pulse which is
transmitted downstream of a blast valve or blast damper.
During these tests, the facility equipnent operated as it
would in the field. The tube configuration used for these
tests were the 24 inch tube and the 2'6" X 4'A" driven
gection.

c. Sub-Scale Air Duct Models:

Sub-scale models of underground air entrainment systems were
mounted normal to the shock tube wall. The pulse generated
in the tube simula’ .d the pressure - time history of a scaled
nuclear blast pulse. For most tests, the driven section and
the model were evacuated and pressure ratios were simulated.

The 24 inch shock tube was used for these tests.
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1.

3.
4,

6.

7.

c-3
TITLE AND/OR TYPE: Detonation-Driven Shock Tube

LOCATION: U. S. Army Research Laboratories
Aberdeen Proving Ground Maryland 21005

OWNER: U. S. Army
LOADING CHARACTERISTICS:
a. Type Wave: Flat top to peaked with exponential decay.

b. Pressure: Up to 180 psi obtainad at main test section
expect to be able to obtain 250 psi at test
gection,

¢. Duration: Positive Phase - 40 milliseconds, 6 msec of
which are flat-topped.

PHYSICAL DESCRIPTIOM (Figure 32, 33, & 34):

a. Diameter: Variable from 8 inch I. D. through a transition
section to 22 1/8 iach I. D.

b. Length: Variable from 113 feet to 213 feet.

¢c. Other: First driven section: 8,25 inch diameter, 27 feet
? inches long, 4140 steel, with 2 inch diameter
test ports locatzd (two each opposing each other)
at 9 feet, 16 feet and 21 feet from the diaphrapm,
289 conical nozzle machined into the end of this
gsection. Second driven section: 22 1/8 inch
nominal inside diameter, variable in length from 58
feet to about 155 feet: cutside dismeter 24 inches,
cormercial seamless wrough steel, Two 2.5 inch
diameter test rorts oopnsing each other at 18 inches
and two at 56 inches from the nozzle end. Two test
ports / inchez by 18 inches opposing each other.
normally at 55 feet from the nozzle. Section lencths
rre random from 19 feet to %4 feet.

DRIVCR: Mixture of hydrosen and oxygen.

CONTROLS: Detonating of the mixture is initiated v . blank 38
caliber cartridge at the back aud. The rulting
detonation wave travels through the ambieni mixture
until it veaches the disphragm. The diaphrarma conaist
of either mylar or aluminum materiale,
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8. AVAILABILITY: U. S. Government and Government Contractor.

9. OTHER CONSIDERATIONS:. inhe driver section is mounted on a carrizge
- that is moved hydraulically along tracks to
allow ingertion and clamping of the diaphragm.

10. LISCUSSION: - The driver section is completely housed. "he dia-

phragm section is under roof but partially screened
in, since this is the area most likely to have hydro-
gen accumulation in the event of breakage around the
diaphragm, or power failure. A 20 foot by 20 foot,
building partially covers the second driven section

at the test section area and also serves as housing -
for the recording equipment. Gas bottles are stored
ir separate sheds; one for oxygen and one for hydro-
gen.

The tube has been used to develop piezoelectric gauges for
shock tube instrumentation as well as various other pressure transducers
for field operation. Shock propagation in scaled tunnel systems has
been partially investigated and further work in this field is antici-
pated. ) )

A program to perfect a stagnation probe using a piezo gauge has
been conducted in which the problem of shielding the gauge from damage
in field operations was solved. ’

Shock diffractions studies of scaled field models will be done
in the near future. It is also expected to put a large test section
at the end of the tube to allow testing of full scale models.

11. REFERENCE: Bertrand, Brian P., "High Pressure Shock Tube Progress

Report,”" Ballistic Research Laboratories, Aberdeen Proving Ground,
Maryland, pages 33, 34, 35, 39, 42, and 44.
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D-3
1. TITLE AND/OR TYPE: BRL ' %-Inch 0.D. Shock Tube

2. LOCATION: U. S. Army
Ballistic Research Laboratories
Aberdeen Proving Ground, Maryland -

3. OWNER: U. S. Army
4. LOADING CHARACTERISTICS:

a. Type Wave: Peaked for 1, 3, and 6 foot driver sections.
Step shock for driver sections 10 feet and longer.

b. Pressure: Minimum (psi) Peak Overpressure Maximum (psi)
1 <Py <7 Air 0 <P <32 PSIG: Py= .2 PSIA

c. Positive Duration: Minimum of 10 msec and a maximum of
350 milliseconds at the 20 X 20 inch
test section.

5. PHYSICAL DESCRIPTION (Figures 35 & 36):
Test Sections

a. 20 X 20 inch Section:- Square 20 X 20 inch I. D., 24 ST
aluminum, mill finish, 16 feet long with 2 inch thick walls. Center
of this section may be 100 feet from diaphragm. It has 4 access
parts: 1) Two eack. 12" X 12", 2) One 9" diameter, and 3) Four
each 1 7/8" diameter.

b. 24 inch O. D. Section: 22 5/8" I. D., seamless steel pipe,
Bitumastic lining, 10' 8" long with 0.69" wall. Center of test
gsection 111 feet from diaphragm. This section has 12 access parts:
1). Three 2" X 8", 2) Three 2" X 12", 3) Three 4" X 18" and
4) Three 3 1/4" diameter. -

c. & X 4 foot Section: 4 X 4 feet square inside dimensions,
steel plate, 1/2 inch thick walls. Total length of this section is
58 feet with a 6 foot transition section from 24 inch shock tube.
This section has eight access parts: 1) Four 2 X 2 feet in each
4 foot length and 2) Four ome inch thick 17 1/2 inch square
Herculite windows.

The shock tube is ccmposed of random lengths of nominal 24 inch
0. D. schedule 40, ASTM A 106-55 Grade B seamless steel tubing. The
lengths are joined by Dresser couplings with the exception of the
high pressure driver sections and end plates which are bolted. The
overall length utilizing all test sections in place is approximately
300 feet.
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FIGURE 35. THE 24—INCH SHOCK TUBE
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6. DRIVER: Compressed air in a driver section which may vary from
1 foot to a maximum of 55 feet. The air is supplied by two 125 psi
compressors delivering 105 CFM and 223 CFM, respectively. These
compressors may be coupled as first stages for two 550 psi booster
compresso:s with 100 CFM and 230 CFM, respectively.

7. AVAILABILITY: U, S. Government and Government Contractor.

8. OTHER CONSIDERATIONS: A separate air supply drives the air piston

for the diaphragm breaker. Cellophane, Mylar, lumerith, and aluminum

diaphragms are used to separate the driver gas from the low pressure

or expansion section of the shock tube. The 28 inch square sheets of

diaphragm material are held by a 3000 psi hydraulic system. By a

‘proper choice of driver length and air pressure many pressure-time 3
rrofiles are available at the down stream test section.

9. DISCUSSION: The parts of the first test section may be used for
test equipment or models. The second test section has about seven feet
clearance between the outer wall of the device and a building. Models
should be designed to fit within this space if they are to be attached
to the outside of either of these two test sections.

10. REFERENCE: Draft Report furnished by Mr. E. E. Minor, Chief,
Terminal Ballistics Laboratory, BRL, Aberdeen Proving Ground, Maryland,

" Letter dated 16 July 1964: Ahlers, E. B., "Experimental Methods of
Determining the Behaviour of Underground Structures Under Dynamic Loads,"
IIT Research Foundation, Chicago, Illinois, for OCDM, Battle Creek,
Michigan, page 145, November 1961.

{ ———




E-3
1, TITLE AND/OR TYPE: Conical Shock Tube

2. LOCATION: U, S, Naval Weapons Laboratory
Dahlgren, Virginia

3. OWNER: Defense Atomic Support Agency
4, LOADING CHARACTERISTICS:
a. Type Wave: Spherical
b. Pressure: (Maximum Estimated)
Test Station 1 ~ 138 psi
Test Sta.ion 2 - 41 psi
Test Station 3 - 17 psi
c. Duration: (Maximum Estimated)
Test Station 1 -~ 200 ms
Test Station 2 - 300 ms
Test Station 3 -~ 450 ms
5. PHYSICAL DESCRIPTION (Figure 37):

The shock tube is a frustum of a right circular cone, increasing
in dismeter from 16 inches to 24 feet, connected to four 16 inch
diameter naval guns coupled in tandem. The shock tube is 2460 feet
long and has 10', 15' and 22' diameter test stations located 1000,
1500 and 2200 feet respectively from the small end. Test station
number one can be evacuated to simulate an altitude of approximately
100,000 feet.

6. DRIVER: Up to 1000 pound charge of TNT.
7. AVAILABILITY: 2nd Qtr FY67.
8. DISCUSSION: Information furnished is based on final A&E design

submitted by MRD of American Tramsportation Co, in
December 1964,
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1,

2,

3.
4.

8.

F-3
TITLE AND/OR TYPE: Detonation-Driven Shock Tube
LOCATION: MRD Division (General American Transportation Corp)
7501 North Natchez Avenue
Niles, Illinois
OWNER: MRD Division
LOADING CHARACTERISTICS:
a. Type Wave: Exponential Decay

b. Pressure: Minimum (psi) 0 Maximum (psi) Incident 5000
: Reflected 12,500

c. Force: Minimum (1lbs) 0O Maximum (1lbs) Reflected 48,000
d. Rise Time: O

e. Dwell Time: O

f. Duration: To 1/2 peak pressure up to 1.5 milliseconds
PHYSICAL DESCRIPTION (see figure 54 on page 110):

a. Diameter: 2 1/8 inches inside diameter

b. ‘.ength: 26 feet, 6 inches

DRIVER: Detonable gas such as propane-oxygen, methane-oxygen,
hyd:ogen-oxygen.

AVAILABILITY: Yes, by service or research contract with MRD.

DISCUSSION: Pressure and shock velocity messured with Kistler

plezoelectric crystal pressure transducers.

The shock tube has been used to study the gas dynamics of the

interaction that takes place when detonation waves are used to
generate high overpressure shock waves.




G-3
TITLE AND/OR TYPE: Double-Driver Shock Tube (or Shock Tunnel)

LOCATION: Cornell Aeronautical Laboratory (CAL)
Buffalo, New ‘fork

OWNER: Cornell Aeronautical Laboratory
LCADING CHARACTERISTICS:
a. Type Wave: Shock Wave
b. Pressure: Pressure change across second shock
Minimum (psi) O Maximum (psi) 400
c. Force: Depends upon model size and Mach number of the flow.
Minimum (1bs) O Maximum (1bs) 18,000

d. Rise Time: < 10-1 millisecond (risetime for pressure change
in the gas).

e, Dwell Time: > 100 milliseconds

f. Decay Time: No pressure decay under normal test conditions.
If desired u pressure decay can be produced.

PHYSICAL DESCRIPTION (Figures 38 & 39):

a. Diameter: 4 inches, test section diameter, 96" for
double~driver shock tunnel operation.

b. Length: 100 feet, test section 10 inches, test section
(Shock Tunnel): & feet.

DRIVER: Hydrogen at 30,000 psi, 1260 R
CONTROLS: ‘tandard controls for shock tube operation.

AVATLABILTT”- Reference Cornell Aeronautical Laboratory,
Applied Pypersonic Research Department, Ruffalo,
New York,

OTHER CONSIDERATIONS: This tube is beine used in tests in
conjunction with tests performed in @
4 diameter, 170 foot tudbe with a maxi-
mum nressure of S0 osi{ belongine to the
Pesearch Institute of the National
Swedish D fense (FOA) under an Aero-
pautical Research Institute of Sweden
(FFA) contract. Dr. Bo Lemcke has heen

81

. Yy

P




Uh il e
N .

DISTANCE

DIAPHRAGM 2 DIAPHRAGM |

=

-

o~

¢

——

1
ODRIVER INT,

EXPANSION CHAMBER TEST STATION

DRIVER

FIGURE 38. DOUBLE-ORIVER SHOCK TUBE,

JOR

82




WSO "I1RVIONVHOUI LNI
3Y¥Y SNOILD3S ¥VINOUID 1TV °NOILVANIWNHLSNI HO3 ‘L¥VAVY ,S8°6 'SITOH § IAVH SNOILDAS 3ISTHL 40 2 4
‘SNOILO3S ,68°6 SNId NOILDIS IHVNDS ,06 = Hq
‘8 NOJILVLS 4S31 Ol dN NOILO3S I¥VNDS SNd
NOILISNVYHL ‘' ©NOT,58°6 SNOILO3S 'ONOT ,S6°9 NOILOIS | ‘ONOT €'€  NOILO3S | ,96 = 1
ONOT ,£°€ NOILO3S ‘ONOT ,0°Z NOILO3IS [ ‘ONOT ,£°1 SNOILO3S 2 : ,6°L g1 = P9
"ONOT ,$6°9 NNIID3S T ONOT €€ SNOILI3IS 2 :  ,I°El g¢ = Sq
NOILD3S NOILD3S NOILD3S
NOILISNVHL 1831 NOILISNVYL
- -N -
1] _ | N S
1 - 1 - ._wT ._lv*
,l\ e

.¥6°'€ 2 al LOl'6 % 9¢°2 LP6'€ = ql

FIGURE 39 SKETCH OF SHOCK TUBE USED IN EXPERIMENTS

83




conducting the experiments.

10. DISCUSSION: The goal of the two test programs is to study the
effects of shock wave impact on models that are already subjected to
an ambient air flow. This is accomplished by employing a double-
driver shock tube (DDST) as described in the referenced report. Thus
two consecutive shock waves are formed; behind the first shock the
steady flow around the model is established, at the arrival of the
second shock the steady flow around the model 18 established, at the
arrival of the second shock the transient can be studied.

11. REFERENCE: Lemcke, Bo, "Performance of Double-Driver Shock Tube,"
Consultant, Aerolastic & Structures Research Laboratory, Massachusetts
Institute of Technology, present address, The Aeronautical Research
Institute of Sweden (FFA), Bromma II, Sweden. FFA Contract No. AE-513:1.
Report not dated.
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H-3
1. TITLE AND/OR TYPE: 4-Inch-Dimmeter Shock Tube
2. LOCATION: Eric H. Wang Civil Engineering Research Facility
Area Y
Sandia Base, New Mexico
® OWNER: U. S. Air Force
4. LOADING CHARACTZRISTICS:

a. Type Wave: Flat topped to peak with expopential decay of a
10-20 millisecond duration.

b. Pressure: Minimum (psi) Maximum (psi) 20

¢c. Rise Time: O

d. Dwell Time: 7 milliseconds

e. Decay Time: 10 milliseconds
5. PHYSICAL DESCRIPTIG:. (Figure not available)

a. Diameter: 4 inches 3JD ~

b. Length: Adjustable to 40 feet
6. DRIVER: Compressed air
7. CONTROLS: The compressed air in the driver section is retained
by a mylar diaphragm. A punching device, hand operated ruptures the
diaphragm allowing the air into the driven section.
8. AVAILABILITY: Available to other government agencies and to
contractors of the United States Govermment on contracts requiring the
use of and within the limitations of the tube.- Scheduling is controlled

by the Air Force Project Officer and the Director of the Facility.

9. OTHER CONSTDERATIONS: The tube is so designed to accommodate a
small rectangular soil bin. .

. 10. DISCUSSION: It has been used for gauge calibration and soil pore
pressure studies. The tube has also been used for demonstrations at
exhibits such as Armed Forces Day and Junior Science Exhibits.

11. REFERENCES:
a. Mahoney, James A., "The Air Force Shock Tube Facility,'" Civil
Enginecring Branch, Air Force Weapons Laboratory, Kirtland Air Force

Base, New Mexico, unpublished report, June 1964.
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b. Pantall, Jack T. Jr., Capt, USAF, Civil Engineeriﬁg Branch,
Air Force Weapons Laboratory, Kirtland Air Force Base, New Mexico,’
unpublished report, page 22, January 1962.

¢. Hampton, Delon, "A Study of Pore Air Pressure Generated in
Soil Subjected to Air Shock Waves," WL-TDR-64-3, Contract AF 29(601)-6002,

Air Force Weapons Laboratory, Kirtland Air Force Base, New Mexico, October
1964.
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I1-3

1. TITLE AND/OR TYPE: 4-Inch Square Shock Tube

2. LOCATICN: United Research Services
formerly Broadview Research Corporatior
1181 Trousdale Drive .
Burlingame, California

3. OWNER: United Resesrch Services

4. LOADING CHARACTERISTICS:

a. Type Wave: Typical square wave

b. Pressure: Minimum (psi) Maximum (psi)
Incident 2 Peak Reflected 70 -

c. Riée Time: About 3 milliseconds
d. Dwell Time: 0-10 milliseconds
é. Decay Time: 8-4 milliseconds
5. PHYSICAL DESCRIPTION (Figure no; available)
a. Shape: 4 inches square
'b. Length: 44" comfression chamber and 60" expansion chamber
c. Other:‘ Soil bin 4 inches sdﬁare by 2 feet long.
6. DRIVER: Compresses air |
7. CONTROLS: ﬁlecfro~mechanical rupturing of bursting diaéhragm

8. AVAILABILITY: Presently operational -

9. REFERENCE: Mason, H. G., Griner, O. H., Waissar, R., Wallace, N. R.,

"A Study of Dynamic Soil Structure Interactjon Characteristics of Real
Soil Media,' United Research Services, Burlingame, California, RTD-TDR-
63-3075, page 20, December 1963. _ -
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J-3
1. TITLE AND/OR TYPE: 40-72-Inch Diameter Shock Tube

2. LOCATION: Lovelace Foundation for Medical Education & Research
Sandia Base Laboratory
Albuquerque, New Mexico

3. OWNER: Defense Atomic Support Agency
4. LOADING CHARACTERISTICS: Data not available

S. PHYSICAL DESCRIPTION (Figures 40 and 41): Its overall length is
179 feet. The 15 foot long compression chamber is 40 inches in
diameter as is the first 125 feet of t.e expansion chamber, after which
this diameter increases to 72 inches over a 9 foot conical section.

The 72 inch diameter test section is 30 feet long and is closed with

a blind flange.

6. DRIVER: Compressed air

7. AVAILABILITY; Available to a government agency with the consent
of the Director of the Defense Atomic Support Agency and Dr. C. S. White
of Love}ace Foundation.

8. OTHER CONSIDERATIONS: The entire shock tube is mounted on a system
of wheels and rails so the various components can be easily- interchanged.

9. DISCUSSION: The construction of this shock tube has recently been
comnleted and has not yet been calibrated.

10. REFERENCE: "DASA-AEC-Lovelace Foundation Blast-Simulator
Facilities," Sandia Ease, Albuquerque, New Mexico. Report transmitted
by letter dated 7 April 1965 from Dr. D. Richmond, page 3, author and
date not available.
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K-3

1. TITLE AND/OR TYPE: High-Capacity Pressure Tube
2. LOCATION: U. S. Naval Civil Engineering Laboratory
Port Hueneme, California
3. OWNER: U. S. Navy
4, LOADING CHARACTERISTICS:
a. Type Wave: Typical blast exponential
b. Pressure: Minimum (psi) 0 Maximum (psi) 1000
¢c. Rise Time: Instanteous Shock
d. Dwell Time: Variable
e. Decay Time: Variable
f. Duration: Equivalent to 10 MT weapon @ 1000 psi.
5. PHYSICAL DESCRIPTION (Figure 42):
a. Diameter: 16 inches
b. Length: 30 feet
6. DRIVER: Special low-detonation pressure AN-SN-FO-TNT explosive.
7. CONTROLS: None
€. AVAILABILITY: Proof of principle, model only.
9. DISCUSSION: Preliminary proof tests have been completed. A
suitable method was devised for achieving a concentric
line charge without the use of carbon producing
combustibles. Good pressure-time records have been
achieved at overpressures less than 500 psi; no high
pressure tests have been performed as yet.
10. REFERENCE: 'First Semi-Annual Progress Report for FY-1965 on
Tasks Supported by the Defense Atomic Support
Agency-" U. S. Naval Civil Engineering Laboratory,
Port Hueneme, California, pages 4, 5, 6, and 7,
January 1965.
i
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L-3
1. TITLE AND/OR TYPE: High-Pressure Driven Shock Tube
2. LOCATION: MRD Division (General American Transportation Corp.)
7501 North Natchez Avenue
Niles, Illinois
3. OWNER: MRD Division
4, LOADING CHARACTERISTICS:
a. Type Wave: Square
b. Pressure: Minimum (psi) O Maximum (psti) 50
c. Rise Time: O
d. Dwell Time: 5 ms
e. Decay Time: 10 ms
5. PHYSICAL DESCRIPTION (Figure 43):
a. Diameter: 10" I.D.

b. Length: 33 feet

c. Other: The test section is 6" X 8' and isolated by snlitter
plates.

6. DRIVER: Helium Gas Or Compressed Air
7. AVAILABILITY: Yes, by service or research contract with MRD.

8. DISCUSSION: A high capacity vacuum pump is availatle for evacuating
the expansion, chamber. Shock strengths of 34 can be
obtained. The tube is equipped with a Mach-Aehnder
interferometer and necessary apparatus to permit
observation of flow characteristics by schlieren
methods. The interferometer yield is eight inches
in diameter and has a resolution better than one-
quarter of one inch.

The tube has been used to determine shock locadings and response,
including a study of an X-ray technique to monitor shock loaded soil
response and a study of diffraction loads on aircraft shelters.

Piezoelectric crystal gauges are used for the measurement of
diffraction and drag loads on shock-loaded models.

93

EERT SRR eeIer SeE s e ) R e s G - - ..,W o
-l




e R

Jgnl MOOHS

N3AIHA 3UNSSIUd-HOIH QIN ‘€ JYUNOID




M-3
TITLFE AND/OR TYPE: General Electric Shock Tubes & Tunnels
a. Electricallybheated helium &river.— 6"' shock tube
b. FElectrically heated helium driver - 30" shock tunnel
c. Combustion driver - 54" ghock tunnel
d. Combustion driver - 30" shock tunnel

e, Combustion driver - 10" shock tunnel

LOCATION: General Flectric Co. - Sp:ce Sciences Lab.

Valley Torge Space Technol.: Center
King of Prussia, Pa,

OWNER: G. E.: a &b
U.S.A.F.: ¢, d &e

LOADING CHARACTERISTICS:
a. Type Wave - Normal Aerodynamic Shock Wave
b. Pressure
(1) Static - Figure 51
(2) Dynamic - Figure 52
c. Force
(1) Funct:ion of model shape & size
d. Rise Time - < 1 microsecond
e. Dwell Time
(1) Air - 10 microseconds to 5 msec
(2) Air & Driver Gas - 100 microseconds to 20 msec
f. Decay Time - zern to 500 microseconds to 1/2 Prax.
PHYSICAL DESCRIPTION:

Figurey 45 & 46 - 6" Dia.. electric arc discharge shock tube

Fioure 47 - 2"-30" Dia,, electric arc discharge shock tunnel
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Figure 48 - 6"-54" Dia., combustion shock tunnel (c)
Figure 49 - 2"-30" Dia., combustion shock tumnel (d)
Figure 50 - 2"-10" Dia., combustion shock tunnel (e)
(also shock-on-shock modification using
heated driven tube gas as blow-down
reservoir to establish Mach 7 flow over
test model prior to shock tube. operation)
Figure 44 - Summary Description of Tubes & Tunnels

6. AVAILABILITY: (a) 1966, (b) 1966, (c) 1966, (d) Oct. 1965,
(e) Nov. 1965
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N-3
< 1. TITLE AND/OR TYPE: Low-Pressure Loader (2)
2. LOCATION: URS Corporation
1811 Trousdale Drive
Burlingame, California
3. OWNER: DASA
4. LOADING CHARACTERISTICS:

a. Type Wave: Step Wave, (a square wave can be applied t., the
sample by means of a limiting niston)

b. Pressure: Minimum'(psi) 10 Maximum (psi) 500 in chamber
2. Force: Minimem (1bs) Maximum (1bs) 20,000 w/multiplier

d. Rise Time: Variable from ahout 200 microseconds to quasi-
static

e. Dwell Time: Continuous as desired

f. Decay Time: About 200 microseconds at the input end of the
sample by arresting loading piston

5. PHYS""AL DESCRIPTION (Figure 53):

a. DNiameter: 4 in. I. D.

b. Length: 8 in. (Compression Chamber only)

c.- Other: Length of expahsion chamber is variable. The maximum
stress applied to a sample can be increased substaantially
above the chamber pressure by means of a multiplier
piston. Stresses in excess of 3500 psi have been
developed in 1 1/2 in.diameter samples.

6. DRIVEk: Compressed air-piston

7. CCONTROLS: Electromecharical rupturing <€ bursting diaphragm

8. AVAILABILITY: Curreatly operational, contact above address

9., OTHER CONSIDERATIONS; Loaders can be used for calibrating pressure

transducers and free-field stress gauges,
as well as, generatin; stresses in soil samples.
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10. REFERENCE: Zaccor, J. V., "Techniques and Equipment for
determining Dynamic Properties of Soils', United
R-search Services, Incorporated, Burlingame,
Calif., URS B155-24. pp 9-11, July, 1962.
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1.

4.

0-3
TITLE AND/OR TYPE: MRD-Detonation-Driven Shock Tube
LOCATION: MRD Division (General American Transportation Corp.)
7501 North Natchez Avenue
Niles, Illinois
OWNER: MRD Division
LOADING CHARACTERISTICS:

a. Type Wave: Exponential Decay

b. Pressure: Minimum (psi) O Maximum (psi) Incident 4000
Peflected 10,000

c¢. Force: Minimum (1bs) 0 Maximum (1bs) Reflected 1,000,000
d. Rise Time: ©0

e. Dwell Time: O

f. Duration: To 1/2 peak pressure up to 2.0 milliseconds
PHYSICAL DESCRIPTION (Figure 54):

a. Diameter: 12 inches inside diameter

b, Length: 36 feet, 6 inches

DRIVER: Detonable gas such as propane-oxygen, methane-oxygen,
hydrogen-oxygen

AVAILABILITY: Yes, by service or research contract with MRD

DISCUSSION: Pressure and shock velocity are measured with Kistler
piezoelectric crystal pressure transducers.

The shock tube has been used to study the gas dynamics of the

interaction that takes place when detonation waves are used to
generate high overpressure shock waves.
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SHOCK TUBE RIGHT & 2 1/8"- INCH
.D. DETONATION DRIVEN SHOCK
TUBE-LEFT
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P-3
TITLE AND/OR TYPE: NCEL Shock Tube (Combination)

LOCATION: U. S. Naval Civil Engineering Laboratory
Port Hueneme, California 93041

OWNER: U. S. Navy
LOADING CHARACTERISTICS:

a, Pressure: Minimum (psi) O Maximum (psi) 12

'b. Force: Minimum (1bs) 0 Maximum (1bs) 1728

10.

-
‘

¢. Rise Time: 1 msec
d. Decay Time: See duration

e. Duration: Positive phase is 40 millisecoads open tube; 400
milliseconds modified closed end.

PHYSICAL DESCRIPTION (I'igure 55):
a. Size: 1 foot squared
b. Length: 38 feet

DRIVER: Compressed air using a mylar diaphragm broken by a wax
projectile shot from a modified 22-caliber rifle.

CONTROLS: Manual

AVAILABILITY: Scheduled for use as a pressure loading device
until July 05. Usually available on arrangeme 't
for several months each year.

OTHER CONSIDERATIONS: When used as a pressure loading device the
square tube is blanked off and the cylindri-
cal tank is connected to an 8-inch-diameter
tube made of extra heavy stecl. The pnsitive
phase duration can be varied from about 0.5
seconds tc 5 seconde. Maximum overp-.essure
is 150 psi.

DISCUSSION: Items tc he tested, si'ch as blast closure valves,
are connected to the 8-inch tube but separated from
the tank by a mylar diaphragm. The diaphragm is
broken as above (Driver) and at the same instant gole-
noid valves cn the tank are opened to release the air
pressure,
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The shock tube is being used to test fragile items such as air
filters, which would be located downstream from a blast closure valve
and subject to small shock waves due to leakage (5 to 10 psi). The
pressure loading device is being used to test a blast closure valve
designed by BUSHIPS, This equipment will be continued to be used for
similar purposes in the future. There are no immediate plans for in-
creasing the capacities of the equipment.

11. REFERENCE: Christensen, W. J., Captain, CEC, USN, "Summary on
NCEL Shock Tube and Valve Loading Device," Ltr dtd 31 March 1964,
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9.

0-3
TITLE AND/OR TYPE: 6-Foot-Diameter Shock Tube

LOCATION: Eric H. Wang Civil Engineering Research Facility
Area Y E
Sandia Base, Naw Mexico

OWNER: U. S. Air Force
LOADING CHARACTERISTICS:
a. Type Wave: Traveling

b. Over-Pressure: Minimum (psig) 2 Maximum (psig) 100

¢. Rise Time: 1instantaneous

d. Positive Phase Duration: 190 milliseconds at 10C psig
cverpressure

P"YSICAL DESCRIPTION (Figures 56, 57, & 58):
a. Diameter: 6 Foot outside diameter
b. Length: 246 feet overall

¢. Other: 22 pieces of 72 inch O0.D. steel pipe make up the tube
utilizing 5, 6, 7, 10, 15 and 20 foot long sections.

DRIVER: Primacord is use®: A volume-detonation technique similar
to that applied in explosive-gas shock tubes, is employed
in using the primacord. The primacord is distributed
over a finite length of compression chamber on expendable
cross wires that are attached tc the walls of r~he chamber.

CONTROLS: The UED-Ampex Control Comsole with 65 channels of re-
cording ability and 5 chanaels of time-mark.

AVAILABILITY: Available to contractors of the United States Govern-
ment on contracts requiring testing within the tubes
limitation. Scheduling is controlled by the Air
Force Project Cffice~ and the Dirvctor of the Facility.

OTHER ZONSIDERATIONS: Air blast testing is done on 2 limited basris.
Radar domes and structural shapes hsve been
tested and taken to distruction by small
incroments of overpressure,
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10. DISCUSSION:

This 6 foot diameter shock tube was formerly located at Gary,
Indiana and wus operated for the Air Force by the Armour Research
Foundation. Ia Albuguerque, at Sandia Base, the WCERF is operated
under a service contract by the University of New Mexico. The 6
foot shock tube was redes‘gned to test soil and buried structures in

- @ 400 cubic foot bin. At Cary, it was used for air blast tests

primarily until Mr, Harol.! R. J. Walsh, AFWL, designed a small soil
bin and ran a few experiments. The testing of soil seemed proasising
and led to the design of the present configuration and testing
program. ' i

At this soil test section, there is a 5 foot by 8 foot opening
in the floor of the shock tube. The goil bin or the closure device
{ used for air blast tests) is placed under this opening and ja:ked
into place. A reaction frame on the upper s*de of this test opeuing
and complectely divorccd from the tube resists the upward force.
Based ou & maximum overpressure of 100 psig the upward fcrce is
approximately a 576,000 pound “hrust.

The tube, at the test section, crosses a pit which contains two
400 cubic foot bins and the closure device. A Linkbelt car spotter,
through a8 pully syster: and a turntable, pulls the bin on rails tc a
position over four sycronized jacks. The jacks when energized raises
the bin into place. The soil bins are 5 feet wide, 8 feet long and
10 feet deep, and are constructed of one irch steel plate that is
reinforced with vertical and horizontal stiffaers.

At the air test secticn four view ports for Fastax camera re-
cording are available. The viewing windows are 3/4 inch thick and
7 1/2 inches in diameter and are made of ''Plex 1I,” an optically
pure Lucite material. A similar view port is installed at the soil
test section.

Ottawa sand has been used as the soil media in tests to date but
clay and coarse soils are te be used as testing continues. The zand
is placed in the bin using a raining technique. This method of
plaucing the Ottawa sand affords controlled densities of the soil by
raising or lowering the containers to a measured fall.

The 6 foot diameter tuba will be used in gathering inforwmetion
for the following studies:

a. Measuvement of shock streangth in the step-shock region.

bt. Pressure profile to detsriine location of complete ghock
formatio~.
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¢. CUomplete time~durationldaté in step-shock region to plot
tim.. and distance parameter curves.

d. Compile more data to allow a statiséicél method of averaging.

11. REFERENJES:

a. Holt, R, E,, and Crist, R. A., "Calibration of a Six-Foot
and a Two~Foct Diameter Shock Tube," by the University of New Mexico
Contract AF 29(601)-4520 for AFWL, Ki-tland AFB, New Mexico, SWC-
TDR-63-5, pages 114, 1, 2, 7, 8, 9, 10, 11 and 14, April 1963.

b. Pantsll, Jack P., Capt, USAF, "AF Shock Tube Facility

Operations.” 1q Air Force Special Weapons Center, AFSC, Kirtland AFB,
New Mexico, pape 7, 9, 17, A-2, A-7 and A-13, January 1962,

*19

Ce—— e —— e T ————"—

Wt T PR R




1.‘

'_20

3.

10.

R-3
TITLE AND/OR TYPE: 6-Inch Loader

LOCATION: URS Corporation
1811 Trousdale Avenue
Burlingame, California

OWNER: DASA

" LOADING CHARACTERISTICS:

a. Type Wave: Sfep Wave

b. Pressure: Minimum (psi) 25 Maximum (psi) 2000 in chamber
¢. Force: Minimum (1bs) Maximem (*-s) 80,000

d. Rise Time: Variable

e. Dwell Time: Continuous

PHYSICAL DESCRIPTION

a. Diameter: 6 inch I. D.

b. Length: 16 inch (Compression Chamber only)

a. Other: This is a modified cold gas shock tube similar to the
cther URS devices.

~ DRIVER: Conpressed Air-piston

CONTROLS: Electro-mechanical rupturing of tursting diaphragm.

AVAILABILITY: Under development, essentially completed but nct et
tested.

OTHER CONSIDERATIONS: This loader was designed for application of

shock type loadings to soii samples 6 inches
in dismeter.

REFERENCE: None
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‘ §-3
1. TITLE AND/OR TYPE: Shock Tube Loading Facility for Soi.s

2. LOCATION: IIT Research Institute of I1linois Institute of Technology

Technology Center
Chicago 16, Illinois

3. OWNER: I1IT Reseirchrlnstitute'
4. LOADING CHARACIERISTICS:
a. Prigsure: Minimum (psi) 0 Maximum (psi) 30
b. Rize Time: Less than 1 millisecond, essentially zero
¢. Peak Pressure Duration: 5 milliseconds
d. Duration: Greater than 14 milliseconds
5. PHYSICAL DESCRIPTION (Figures 59, 60, 61 & 62):
a. Cross Sectionﬁ 8 inches x 8 inches
b. Lemgth: 21.29 feet
c. Other: Seven flarged sections of 36 1/2 inches/section.
6. DRIVER: Compressed Air |
7. AVAILABILITY: Contact above adiress

8. OTHER CONSIDERATIONS: One end section is used as the driver
section and 1s separated from the rest of the tube by a plastic membrane.
This sectica i3 pressurized to a predetermined level and the membrane
punctured suddenly causing an sir shock wave to travel down the tube.

By using different langths of driver section, the pressurized volume
can be altered thurehy c-anging the decay time of the air pulse ioeding.
The shock tube may be fitted with & ¢ foot long thin wall 3 inch
diameter cylindrical t'be. The latter extended up into the shock tube
and is attached to a £':t end plate having a 3 inch diameter hole
centrally located and in line with the cylindrical tube. This plate
than is bolted to the far end of the shock tube. A sand column is

woi ated horizontally outside the tube with one end extending into the

3 fnch diameter hole. Normally a 32 inch long specimen is used.

The tube also is supplied with a test chamber vhich consists of
8 ateel framed box with a height of 24 inchec, a length of 24 inches
and a width of 4 inckes. The front face of the box consists of a
panel of plate glass and s riate glass liner against the rear face.
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2. OISCUSSION: This device has been used for soil losding in
stusies of (1) one~dimensional stress wave propagation (2) roof

loads on underground structires, and (3) air shock induced
accelerations in soil.

10. REFERENCE: "“Shock Tabe Loading Pacility For Soils," Soil

Mechanics Laboratory, IIT Research Institu%e, pages 1, 4, 7, 8 and
10, August 1963,
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T-3 ‘
1, TITLE AND/OR TYPE: The &4 x l5-Inch-Diameter Shock Tube

2. LQCATION: U, S.'Army Ballistic Research Luboratory
Aherdeen Proving Grouvid, Marylanu 21005

3. OWNER: U. S. Army
4. LOADING CHARACIERISTICS:

a. Type Wave: Variabie shaped peak wave or step sbock with the
duration dependent upon the driver length.

- b. Pressure: Minimum (psi) 0.32 PSIA Maxizum (pai) 15 PSIG

¢. Duration: Minimum of 7 msec. for peak shock and max. 35 msec
for step shock. ‘

S. PHYSICAL DESCRIPTION (Figure 63):
a. Size:; 4" X 15" 1.D. 1/2" thick wall

b. Length: 45.5 feet approximately

c. Other: Driver saction 2§ inch minimum length with arrangements
to add additional sections of 34 inches par section.
The tube utilizes a cellophane or mylar disphragm of
varying thicknesses. An 2lectric solencid Joperated
knife edge or hot wirea are usud to rupture diaphragm.

6. DRIVER: Cold gas driveu with air, helium, or nitrogen.
7. AVAILABILITY: u. §. Govermment and Govermmant Coutractor

8. OTHER CONSIDERATIONS: [he tubs has three test sections which
“consist of: 1) 34" gections which have 2-2" opposed parts. 2 "
optical sestions with 9.75 fuch parts utilizing either matched opcical
wvindows or 1" thick plete glass, and 3) a 48" photographic section
with 15 inch X 15 fuch - 1 {nch thick plate glass windows. Tha window
parts have an opsuing of 15 inches X 17 iaches.

9. DISCUSSION: The rectangular shock tubt is idaally suited to
measuvements of shock wave intaraction with, and flows asbout, two
dinensionsl wodels of full scale targets. The optical sections are
used with the schlieren systen and/or the Mach-Zebnde: interierometer.

10. REPERENCES: This material vas extracted from a dr:it repoxt belinp
prepared for publication. It was transmitted from the "' 3. Army
Ballistic Research lLaborstories, by ¥r. E. B, Minor, let ar ded 16 luly,

1964,
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U-3
1. TITLEkANDIOR TYPE: 13-Inch-Diameter High-Pressure Shock Tube

2. LOCATION: Eric H. Wang Civil Engineering Research Facility
Area Y
Sandia Base, New Mexico

3. OWNER: U. S. Afr Force

4, LOADING CHARACTERISTICS:
a. Type Wave: Shock pulse
b. Pressure: Minimum (psi) Maximﬁm (psi) 1000
¢. Rise Time: Instantaneous

d. Duration Time: Up to 20 milliseconds, lcnger under some
conditions

5. PHYSICAL DESCRIPTION (Figure 64): This 13 inch inside diameter
tube consists of the following components: a 9.5 foot compression
chamber, seven 10 foot sections, blind flange closed ends, recoil
expansion sa2ction, a 2 foot diameter 40 feet long e¢xhaust section and
four 100 ton pistons to clamp one or two diaphragw: separating the up
and down stream expansion tubes. The wall thickness of the tube is
1-1/2 inchnes. ’

6. DRIVER: Exploding gas (hydrogen and oxygen mixture)

7. CONTROLS: The tube is opersted from a smsll "shock proof" comtrol
room. These operations include control and regulation ot the vacuum
system, and the purge system. The control of all gas is accomplished
by the hand valves extended into the control room. On both sides of
the control room are the gas supply rooms coutaining hydrogen in one
and oxygen in the other, the valves and lines which convey the gases
to the controls.

8. AVAILABILITY: Available to other govarnment agencies and to
cvatractors of the United States Govarnment on coantracts Icquiring
the use of and within the limitations of tha loader. Schadulirg is
controlled by the Air Force Project Officer and the Director .f the
Facility.

9. OTHER CONSIDERATIONS: Tue igunition of the gas mixture in the driver
secrion is accomplished by i4 spark pluge diatributed on each side of

the drivev chamber. Thc plugs can be fired {ndividually or simultaneously.
The tche can also bo driven by ron-exnlosive 25 pressurs. There are
vacuum [ @ps connected tz the expansion test section vhich allows the

tube o be evacuated to oliain simulated slhock strengths up to 15,000

si.
P 129
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FIGURE 64. DRIVER END OF 13" DIAMETER

HIGH=-PRESSURE SHOCK TUBE




10. DISCUSSION: This tube will be used to extend the preesure results
of lesser pressured tube experirents which is an area void of information.
The tube will also be used in blast pressure attenuation studies in
tunnels and other tmderground configurations.

11, REFERENCE: Mahoney, James A., "The Air Force Shock Tube Facility,"
Civil Engineering Branch, Air Force Weapons Laboratory, Kirtland Air
Force Base, New Mexico, Unpublished report.
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V-3

1. TITLE AND/OR TYPE: 3-Inch-Diameter High-Pressure Loader
(Modified cold gas shock tube)

2. LOCATION: URS Corporation
1811 Trousdale Drive
Burlingame, California

3. OWNER: DASA

4. LOADING CHARACTERISTICS:

a. Type Wave: Step Wave (A square wave can be applied to the
sample by means of a limiting piston)

b. Pressure: Minimum (psi) 10 Maxim:m (psi) 2000 in chamber
c. Force: Minimum (1lbs) Maxirum (1bs) 80,090 w/multiplier

d. Rise Time: Variable from about 300 maicroseconds to quasi-
static

e. Dwell Time: Continuous as desired

f. Decay Time: About 200 microseconds at the input end of the
sample by arresting the loading piston

5. PHYSICAL DESCRIPTION (Figure not available)
a. Diameter: 3 in. I.D.
b. Length: 9 in. (Compression Chamber only)
¢. Other: The maximumn stress applied to a sample can be increased
substantially by means of a multiplier pision in
accordance with 4c above and the sample area.
6. DRIVER: Compressed air-piston
7. CONTROLS: Electro-mechanical rupturing of bursting diaphragm.
8. AVAILABILITY: Presently operational
9. OTHER CONSIDERATIONS: ‘n»paratus has been used for studying shocks
propagating in 1 1/2 inch ¢{.meter samples to exsmide momentum and
energy distribution with tlme and dintances. To date stresses as high
as 7000 psi have Leen generated in samples of this size.
10. REFEREKCZ: J. V. Zaccor, and N. R. Wallace, 'Techniques and

Equipment for Determining Dynamic Properties of Soils", United Research
Services, Burlingame, Calif., DASA 1421, P. 14, November 1963.
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w-3 .
1. TITLE AND/OR TYPE: 12-Inch-Diameter Shock Tube

2. LOCATION: Lovelace Foundation for Medical Education and Resesarch
Sandia Base Laboratory
Albuquerque, New Mexico

3. OWNER: Defens: Atomic Support Agency
4. LOADING CHARACTERISTICS:

a., Pressure: Minimum (psi) Incident ¢ Maximum (psi) Incident 42
' Reflected 136

b. Duration: Positive phase of 16-20 milliseconds
5. PHYSICAL DESCRIPTICN (Figure 65):

a. DNiameter: 12 inches inside diameter

b. Length: 32 feet, 6 inches (variable)

c. Other: 3/8" thick wall with a 2 foot, 6 inch compression
chamber utilizing a frargible diaphragm and a 30 foot
expansion chamber. Closed end with animal cage mounted
on end-plate.

6. DRIVER: Compressed air

7. AVAILABILITY: Available to a govermment agency with the consent
of the Director of the Defense Atomic Support Agency and Dr. C. S. White
of Lovelace Foundation.

8. DISCUSSION: This tube has been used to develop a shock tube and
related techniques for expoging animals to air blast at difforent
ambienst pressures and to explore the tolerance of mice to "shavp"

rising overpressures of "long" duration as related to pre-sho:

amblen: pressures ranging from & fracticn of an atmosphere te several
atmorvhares. Shock pressvves sre measured with pilezoelectiic jauges mounted
side on in the wall of the tube 6 incies upstream from tle ewd plate.
Gauges were also located on the end-plate to recoxrd the pressure time
wvave form at the position of the animals. The transducers coantain
sensors of lead metanjobste (model ST-2, Susquehanna Inetruments, Bel
Air, Maryland). Overpressures in tlie expansion chamber before and

after blasts ave reasured by s Bourdon-type dial pressure gauge. (Heize
Bourdon Tube Co., Newton, Coan.).
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9. REFERENCES.

Edward G. Damon, Donald R. Richmond, and Clayton S. White,
"The Effects of Ambient Pressure on the Tolerance of Mice to Air
Blast," Technical Progress Report on Contract No. DA~49-146-XZ-
055, pages 1, 3, 5, and 7, March 1964,

"DASA-AEC-Lovelace Foundation Blast-Simulation Facilities,'
Sandia Base, Albuquerque, New Mexico. Report transmitted by letter
dtd 7 April 1965 from Dr. D. Richmond, page 2, author and date not
available. :
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X-3
1. TITLE AND/OR TYPE: 24-40~Inch-Diameter Shock Tube

2. LOCATION Lovelace Foundation fuor Medical Education & Reaearch
Sandia Base Laboratory
Albuquerque, New Mexico

3. OWNER: Defease Atomic Support Agency
4. LOADING CHARACTERISTICS:

8. Pressure: Minimum (psi) 0  Maximum (psi) Reflected 60
b. Rise Time: Instantaneously with freedom of driver.
¢. Duration: Approximately 400 milliseconds

5. PHYSICAL DESCRIPTION (Figures 66 and 67):

a. Diameter: Compression chamber 40.5 inchee, 3 foot transition
section to 25.5 inches

b. Length: Overall 70 feet - Compression chamber 17.5 feet

including 3-foot transition and an expansion chamber
of 53.4 feet,

¢. Other: It is closed distally by s steel end-plate to generate
high pressures from the refiected shock. Three vents
in the expansion side of the system serve to control the
duration of the overpressure and to eliminate multiple
zaflections by bloeding off the reflected shock as it
tzavels upstream.

6. DRIVER: Compressed air

7. AVAILABILITY: Available to a govermment agency wvith the consent
of the Director of the Defense Atomic Support Agency & Dr. C. S. White
of Lovelace Foundetion.

8. OTHER CONSIDERATIONS: A disphragm of wylar sheets of 0.010 and
0.0075 thick are used. A predetermined number being used to hold a
given prassure in the driver section is uced. Diaphragms are ruptured
by lead pollete from a saved-off 12-gouge shotgun w>unted on the tute.

9. DISCUSSION: Tuis tube has beer used on wice, rats, guinea pigs,
vabbits, dog® ... ats to determine the mortality as related to the
magoitude of = ident and rcflected shock fronts of a simulatad

nuclear blaat.
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10. REFERENCES:

Richmond, Clare, Goldizen, Pratt, Sanchez & White, DASA 1246,
Technical -Progress Report on Contract No. DA-49-146-XZ-U55, Love.ace
Foundation, Pages 1, 5, 6, & 16. April 7, 1961.

"DASA--AEC-Lovelace Foundation Blast-Simulator Facilities,"
Sandia Base, Albuquerque, New Mexico. Report transmitied by letter
dtd 7 April 1965, from Dr. D. Richmond, pages 1 & 2, author and date
not available.
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Y-3
1. TITLE AND/OR TYPE: 24-Inch-Diameter Shock Tube

2, LOCATION: Lovelace Foundation for Medical Education and Research
Sandia Base Laboratory
Albuquerque, New Mexico

3. OWNER: Defense Atomic Support Agency
4. LOADING CBARACTERISTICS:
2., Pressure: Minimum (psi) 0 Maximum (psi) Incident 35
b. Rise Time: Instantaneously
c. Duration: 40 to b0 milliseconds
5. PHYSICAL DESCRIPTION (Figures 68 & 69):
a. Diameter: 23 1/2 inches I.D.
b. Length: 76 fee:, 2 inches (variable)

¢. Other: Side wall 1/2 inch thick, a 5 foot compression section
utilizing Du Pent Mylar Diaphragms, 71 feet, I inch
exnansion section. 3 feect, 6 inc! test sectior ia located
47 feei, 8 !¢ches downstream from the diaphragw. Fired
open ended. 1wo different test sections may be used
with this tube.

6. DRIVER: Comvnressed air

7. AVAILABILITY: Available to a govermment agency with the consent of
the Director of the Defense Atomic Support Agency & Dr. C., S. White of
Lovelace Foundaticn.

8. OTHER CONSIDERATIONS: The test section has four chambevr-mounti.,
The chambers are so arrangud as to utilize three different gaometries
by using extensions and wooden blocks. Each chamber is alwaya placed
end-on with respect to the incident sheck front. The 20 X 20 inch
square test gectiou contains glass ports for high-spced camers viewing.

9. DISCUSSION: Animals (guinea pigs) are exposed to air blast while
mounted in “he four chambars in the test section. Plezo-electric
gauges (Model ST-2) containing lead metaniobate sensing elements arn
veed to measure pressure-time variatiox. Permanent pressure-time
records are taken by photogruaphing the swveep on the face of the cathode
tube o’ an oscilloscope with a Pclarcid Land Camerza.
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10. REFERENCES:

Richmond, Donald R., Clare, Victor R., and White, Clayten S.,
DASA-1334, Technical Progress Report, Lovalace Foundation, pages
1, 2, 3, 4, 6, 12, and 17, October 27, 1962.

"DASA-AEC- Lovelace Foundation Blast-Simulator Facilities,"
Sandia Base, Albuquerque, New Mexico. Report transmitted by ltr
dtd 7 April 1965 from Dr. D. Richmond, page 2, author and date
not availahle.
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PLANE WAVE LOADERS
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A-4
1. TITLE AND/OR TYPE: Boynton Dynamic Load Generator

Z. LOCATION: Uanited Research Services formerly
Broadview Research Corporation
1181 Trousdale Drive
Burlingame, California

3. OWNER: DASA
4. LOADING CHARACTERISTICS:

a. Type Wave: Plane Wave

b. Pressure: Minimum (psi) 20 Maximum (psi) 500

c. Rise Time: 0.5 to 2.0 milliseconds

d. Duration: 1 second or can be prolonged indefinitely.
S. PHYSICAL DESCRIPTION (Figure 70):

a. Diameter: Sample opening 12 inches

b. Shape: Dome, which consists of cartridge re’ainer, firing
chamber, a baffle assembly, dome retainer ring, sample holder
and stand.

6. DRIVER: Detonation of a cartridge containing PETN

7. CONTROLS: A "Controller" console which provides a complete firing
cycle, such as; timing sequence of events, power to trigger oscilloscope
cameras, excites pressure transducers and fire.

8. OTHER CONSIDERATIONS: The Dynisco Model PT 76U-7.5C pressure
transducer was decided upon because of reliability of performance
in this specific app'ication.

9. DISCUSSION: The generator is designed to test small samples,
such as soil, under a dynami- load of predetermined characteristics.

10. REFERENCE: Boynton, Wm. V., Final Report, ''Research Concerning
Ianvestigations and Deveinpment of a Laboratory Model 500 PSI Dynamic
Load Generator for Soil Tezting, and Its Operational Instrumentation
System," Defense Atomic Support Agency Contract No. DA-29-146-X2-017,
pages 1, 3, 4, 7, and 8, Dzcember 1960 and Appendix I, Same Author,
"Operational Manual of 510 PSI Laboratory Modei Dynamic Load Generator,"
Defense Atomic Support Ageiz;, Contract No. DA-49-146-X2-017, pages 1,
2, 7, 8, and Drawving BA-D3-10, JSuly 1960.
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B-4
1. TITLE AND/OR TYPE: Boynton Dynamic Load Gemerator
2. LOCATION: Massachusetts Institute of Technology
Soils Group
77 Massachusetts Avenue
Cambridge 39, Mass.
3. OWNER: DASA
4, LOADING CHARACTERISTICS:
a. Type Wave: Plane Wave
b. Pressure: Minimum (psi) 25 Maximum (psi) 500
¢. Rise Time: 0.5 to 2.0 milliseconds
d. Decay Time: Variable from 0.3 seconds
e. Duration: 1 second or can be prolonged indefinitely
5. PHYSICAL DESCRIPTION (Figure 70):
a. Diameter: Sample opening 12 {inches
b. Shape: Dome, which consists of cartridge retainer, firing
chamber, a baffle assembly, dome retainer ring, sample
holder and stand.
6. DRIVER: Detonation of a cartridge containing PETN
7. CONTROLS: A "Controller' console which provides a complete firing
cycle, such as; timing sequence of events, power to trigger oscilloscope
cameras, excites pressure transducers and fire.
8. AVAILABILITY: Not known
9. OTHER CONSIDERATIONS: The Dynisco Model PT 76U-7.5C pressure
transducer was decided upon because of reliability of performance

in this specific applicaticu.

10. DiSCUSSION: :he gencrator is dasigned to test small samjpies,
duch ss soil, under s dynamic load of pradetermined characteristics.
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11. REFERENCE: Boynton, Wm. V., Final Report, ''Research Concerning
Investigations and Development of a Laboratory Model 500 PSI Dynamic
Load Generator for Soil Testing and Its Operational Instrumentation
System," Defense Atomic Support Agency Contract No. DA-49-146-X2-017,
pages 1,3,4,7, and 8, December 1960 and Appendix I, Same Author,
"Operational Manual of 500 PSI Laboratory Model Dynamic Load Generator,"
Defense Atomic Support Agency, Contract No. DA-49-146-XZ-017, pages 1,
2, 7, 8, and Drawing BA-D3-10, July 1960.
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C-4
1. TITLE AND/OR TYPE: Boynton Dynamic Load Generator
2. LOCATION: Stanford Research Institute
Physics Denartmeat
Menlo Park, Caiifornia
3. OWNER: DASA
&. LOADING CHARACTERISTICS:
8. Type Wave: FPlane Wave
b. Pressure: Minimum (psi) 25 Maximum (psi) 500
c. RiseTime: 0.5 to 2.0 milliseconds
d. Decay Time: Variable from 0.3 seconds
e. Duraticn: 1 second or can be prolcnged indefinitely
5. PHYSICAL DESCRIPTION (Figure 70):
a. Diameter: Sample opening i2 inches
b. Shape: Dcme, which consists of cartridge retainer, firing
chamber, a baffle assembly, dome retainer ring. sample
holder and stand.
6. DRIVER: Detonation of a cartridge containing PETN
7. CONTROLS: A ‘Cratvolie~" console which provides a complete firing
cycle, such as; tinin, sequence of events, power to trigger oscilloscope
cameras, excites pressure trgnsducers and fire,
8. AVAILABILITY: Not known
9. OTHER CONSIDERATIONS: The Dynisco Model PT 76U-7.5C pressure
transducer vas decided upon beczuse of reliability of performance in

this specific application.

10. DISCUSSION: The generator is desigued to test small samples, such
as soil, under 3 dynamic load of predetermined characteristics.
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11. REFERENCE: Boyntou, Wm. V., Final Report, "Research Concerning
Investigations and Devcolopment of a Laboratory Model 500 PSI Dynamic
Load Generator for Soil Testing and Its Operational Instrumentation
System," Defense Atomic Support Agency Contract No. DA-49-146-XZ-017,
pages ), 3, 4, 7, and 8, Deceaber 1960 and Appendix I, Same Author,
"Operational Manual of 500 PSI Laboratory Modzl Dynamic Load Geuerator "
Defense Atomic Support Agency, Contract No. Ni-49-146-XZ2-017, pages 1,
2, 7, 8, and Drawing BA-D3-10, July 1960.
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D-4
1. TITLE AND/OR TYPE: Dynamic Slab Loader

2. LOCATION: U. S. Naval Civil Engineering Laboratory
Port Hueneme, California

3. OWNER: U. S, Navy
4, LOADING CHARACTERISTICS:
a. Type Wave: Plane
b. Pressure: Minimum (psi) O Maximum (psi) 300
¢, Force: Minimum (lbs) O Maximum (1bs) 1,560,000
d. Rise Time: 1 to 3 milliseconds
e. Decay Time: Several seconds
5. PHYSICAL DESCRIPTION (Figures 71 & 72):

8. Dimensions: Outside 10 ft X 10 ft X 4 ft; Inside 6 ft X
6 ft X 1 1/2 ft; Topless reinforced concrete
box with a plate steel limer.

6. DRIVER: Detonaticn of primacord im each of four tubes.

7. CONTROLS: Peak dynamic pressure, lateral -estraint of slab,
clamped vs simply supported edges.

8. AVAILABILITY: After July 1966 by arrangement

9. OTHER CONSIDERATIONS: Static pressures will be developer by
pumping fluid urder pressure into the chamber benme-th the slabs.

10. DISCUSSION: Slab specimens are placed on top of the slab
loader and are fastened to the loader with anchor bolts located
around perimeter of the specimen. Edges of the sladb may be either
clamped or simply supported; the edges can also be restrained against
lsteral displacement by means of stiffened angles located around the
top periphery of the slab loader.

11. REFERENCE: "TFirst Semi-Annual Progress Report for FY-1965 ou
Tasks Supported by the Deiense Atomic Support Agemcy," U. §. {ivil
Engineering Laborastory, Port Husneme, California, pages 13, 14, 13
and 16, January i965.
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E-4
1. TITLE AND/OR TYPE: Soil Tank

2. LOCATION: U. S. Naval Civil Engineering Lahoratory
Port Hueneme, California

3. OWNER: U. S. Navy
4. LOADING CHARACTERISTICS:

a. Type Wave: Static, plane

b. Pressure: Minimum (psi) O Maximum (psi) 300
5. PHYSICAL DESCRIPTION (Figure 73):

a. Diameter: 60 inches

b. Length: Veriable from 42 to 66 inches

¢. Other: Segmented construction with 5-inch~high rings and
1/4-inch neoprene spacers.

6. DRIVER: Bottled nitrogen gas
7. CONTROLS: Precision pressure calibration unit.

8. AVAILABILITY: It is anticipated that there will be intermittent
periods of availability subsequent to FY 65,

9. OTHER CONSIDERATIONS: Earlier plans for a system to apply
dynamic loads to the contained soil have been shelved.

10, DISCUSSION: Work has heen accomplished to develop a method of
determining the soil properties associasted with the buried cylinder

that are required in response and buckling relationa. A series of small
structure tests is currently underway in the facility to study soil
arching.

11. RFFERENCE: '"First Semi-Annual Progress Report for FY-1965 on
Taske Supported by the Defense Atomic Support Agency," U. $. Naval
Civil Engineering Laboratory, Port Hueneme, California, pages 4, 5,
6, and 7, January 1965.
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F-4

1. TITLE AND/OR TYPE: Seven-Cell 4-Foot-Diameter Gas Dynamic
Loader

2. LOCATION: University of Illinois
- Dy~amic Testing Laboratory
Departuent of Civil Engineering
Urbana, Illinois

3. OWNER: Defense Atomic Support Agency (Contract AF29(601)-6101)
4. LOADING CHARACTERISTICS:

a. Type Wave: Plane Wave

b. Pressure: Minimum (psi) 50 Maximum (psi) 750

c¢. Rise Time: Nitrogen - 6 milliseconds or less
Heifum - 3 milliseconds or less

d. Dwell Time: A few milliseconds to several hours

e. Decay Time: Variable from 30 milliseconds to one hour or
longer

5. PHYSICAL DESCRIPTION (Pigures 74 & 75): The device consists of
seven cells, six placed in a hexagoniél coanfiguration and one cell
in the center which will load a & foot diameter surface. The
loading unit iy supported by a heavv steel frame on a massive
concrete foundation.

6. DRIVER: Nitrogen and/or helium - the trigger mechanism is so
designed as to allow a.l seven cells to fire simultaneously.

7. CONTROLS: The new Civil Engineering High Intensity Lynsaics
Test Laboratory is equipped with an instrumentation room which will
have firing controls and a separate storage for dotile gas.

8. AVAILABILITY: Arrangements for use may -e made by comntacting
Professor George K. Sinnsmon, Civil Engineering Departumeat, 111 Talbot
Laboratory, University of Illimois, Urbana, Illinois.

9. OTHER CONSIDERATIONS: The loading device is affixed to massive
concrete walls forming a bridge over a large deep pit. Im the pit
s soil bin carriage on rails supports the bin sections. The
carriage is equipped with a hydraulic jacking system, which when in
the proper place is energiszed and the soil bin is raised into place.
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E SEVEN CELL-4-FOOT-DIAMETER
GAS DYNAMIC LOADER -SKETCH

SHOWING RETENTION FRAME &
MASSIVE CONCRETE FOUNDATION
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The soil bins will be 4 feet in diameter by 4 feei to 8 feet deep.
The bins will be isolaied in an attempt to eliminate shock

vibrations iransferred from the foundation to the contents of the
bin.

10. DISCUSSION: The State of Illinois entered into a joint venture
with DASA by appropriating $286,000.00 for the laboratory building
to house this loader. Both are in the construction and fabrication
stage at the time of this writing. Information was obtained from
the Air Force contract file. The Air Force has been the techmical
monitors of this work since 1960. The initial firing of this

device is anticipated early in the summer 1965.
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G=-4
1. TITLE AND/OR TYPE: 2-Foot Dismeter Vertical Shock Tube
2. LOCATION: PEric H. Wang Civil Engincering Research Facility
U. S. Air Force
Area Y
Sandia Base, New Mexico
3. OWNER: U. S. Air Force
4, LOADING CHARACTERISTICS:

a. Type Wave: Plane wvave exponentially decays in 30 to 40

milliseconds
b. Pressure: Maximum (psi)
Incident 250
Reflected 500

c. Decay Time: 40 milliseconds

5. PHYSICAL DESCRIPTION (Figure 76): The tube consists of cne 2
foot pipe section and three 20 foot sections with flanges bolted
together for a total of 60 feet in height. The diameter is 24
inches outside diameter. It has a stsirway with five landings for
loading access.

6. DRIVER: Primacord is used and is placed at the ope= and at the
top of the tube. The tube is fired both ends open.

7. CONTROLS: UED-Ampex Control Center

8. AVAILABILITY: Available to cther government agencies and to
contractors of the US Government on contracts requiring the use of
and within the limitations of the tube. Schaduling is controlled
by the Air Force Project Officer and the Facility D’ rector.

9. OTHER CONSIDERATIONS: The testing area is ianside the main
building, with the tube supported by a steel frame work on a massive
concrete foundation. Access is provided for placing and ramoval of
s & foot deap soil din.

10. DISCUSSION: The tube has been used principally for instrumentation
proofing atud davelopment.
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H-4
1. TTTLE AND/OR TYPE: The Sinnamon Dynamic Loader
2, LOCATIO': University of Tllinois
Attn: Prof. George K. Sinnamon
Talbot Laboratory

Civil Engineering Department
Urbana, Illinois

3. OWNER: Defense Atowic Support Agency (Contract AF29(601)-2876
4, LOADING CHARACTERISTICS:

2. Type Wave: Plane Wave

b. Pressure: Minimum (psi) 50 Maximum (psi) 780

c. Jorce: Minimum (1lbs) Maximum (1lbs)

d. Rise Time: Helium - 2.8 milliseconds
Nitrogen - 5.6 milliseconds

e. Dwell Time: Adjustable from approximately O time to several
houre

f. Decay Time: Variable from a minimum of 30 milliseconds to
several hours

5. PHYSICAL DESCRIPTION (Figure 77 & 78): The loader stands
approximately 6' 0" high and i{s attached to a heavy structural
steel frame.

6. DRIVER: Heliua or Nitrogen

7. CONTROLS: Machine is operated from an isolated control cemter
which contains a valved distribution system for ths gas, gas storage,
firing controls and recording spparatus for instrumentation.

8. AVAILABILITY: Arrangements for use may be made by comtacting
Professor George K. Sinnamon, Zivil Bugiueeriug Department, 111 Talbot
Laboratory, University of Illinois, Urbena, Illineis.

9. OTHER CONSIDERATIONS: Ram attachment which is rated at 300 kips.
The ges proscure is directed te a spring loaded riston producing a
raa effect.

10. DISCUSSION: This loader was built as a pilot cell to test the
feasibility o' the design prior to the construction of the 7 call

4 foot {ameter loader. Tha pilot cell whea operated for the
“shake-down" tests produced losding pressures in excess of 20 percent
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higher thaa originally required, it was decided to operate the cell
as a separate loading device. The rise time using helium as a
driver was slightly faster than anticipated.

The device has been in operation for approximately 1.5 years
with very little maintenance necessary. The University has used
it in their soil study program. By utilizing a 14 inch diameter
collector plate, the machine has been used to conduct dynamic
consolidation tests of soil. In these tests, pressures as high
as 20,000 psi were obtained on four inch diameter specimens.

11. REFERENCE: The Project Report on this device will be
incorporated with the final report on Contract AF29(601)-6101.
This report will also cover the 7 cell loading device being con-
structed at the University.
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1-4
1. TITLE AND/OR TYPE: 12-Inch-Diameter Vertical X-Ray Shock Tube
2. LOCATION: Eric H. Wang Civil Engineering Research Facility
Area Y
Sandia Base, New Mexico
3. OWNER: U. S. Air Foice
4., LOADING CHARACTERISTICS:
a. Type Wave: Plane Wave
b. Pressure: Minimuﬁ {psi) 0 Maximum (psi) 200

c. Rise Time: A few microseconds, variable

d. Decay Time: Exponential decay with durations up to 50
milliseconds

5. PHYSICAL DESCRIPTION (Figure 79):
a. Diameter: 12 in I.D.
b. Height: 65 feet

c. Other: Utilizes a four foot transition section to a rectangular
dimension 7 inch by 18 inch. This is mupported by a
steel structure so designed to accommodate a 7 inch by
18 inch by 36 inch deep soil bin. A specially designed
concrete massive foundation i3 incorporated which
allows an Elfdyne shock absorber system to support the
soil bin.

6. DRIVER: Primacord
7. CONTROLS: The UED-Ampex Control Center.

8. AVAILABILITY: Available to other govermment agencies and their

contractors. Contact Air Force Project Officer or the Facility Director.

9. OTHER CONSIDERATIONS: This tube and soil bin was designed to be
used with the Zenith Flash X-ray system to determine the feasibility of
using X-rays cr gamma rays for the study of soil dynamics.

10. DISCUSSION: Pilot tests were performed to assess the utility of
the Zenith Multiple Flash X-ray system (one picture frame per pulse)
in tracking the motions of buried lead pellets and objccts in soil,
and in detecting density changes in soil. The first tests determined
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the quality of pictures (radiographic sensitivity) that could be
obtained through various thicknesses of soil. A 6~ inch sample of dense
Ottawa sand attenuated the X-rays so that no usable radiograph was
obtained: however, in 6 inches of loose Ottawa sand radiographs were
obtained -- three frames for =ach sample. Although readable radio-
graphs were available from these tests, it is evident that the contrast
and edge sharpness were insufficient to show the fine detail desired.

A very limited amount of quantitative radiographiz information
was obtainable using the multiple flash X-ray system because of
inadequate X-ray intensity and resolution.

A considerable amount of qualitative information was obtained
which indicated that there are areas where the multiple flash X-ray
system can produce good resulte in its present form. Tests resulting
in large displacements or changes are easily radiographed and show
the desired gross details.

The pilot tests provided valuable information indicating how
scattering could be cuppressed and showing the sample thickness and
density required for particular soil tests.

Investigation of other equipment indicates that an X-ray system
of the Field Emission type has the necessary characteristics for
making dynamic measurements in soils; namely, higher X-ray intensity,
shorter pulse widths, and a programmable pulse-repetition rate which
allows radiographing the interaction of the leading edge of a shock
front with a buried object.

A final rcport to assess the utility of X-ray techniques in soil
dynamics studies is being reviewed; it contains the various technical
objectives listed previously.

This device will be used to atudy the dynamic behaviour and
interaction of buried structures in a soil media which will include
(1) Strain, displacement and particle velocity, (2) Cratering
Phenomenon, (3) Wave Propagation and (4) Soil-Structure Interactionm.

11. REFERENCE:

a. 'Nuclear Weapons Effects Research Program in Protective
Structures Under Technical Direction of the Air Force Weapons Laboratory",
Air Force Weapons Laboratory, Pages 145, 146, and 147 dated February
1366.

b. Baker, Warren J., Research Assistant Engineer, University

of New Mexico, "AFWL, Air Force Shock Tube Facility ~ High Speed X-ray
System,' puges 4,5, and 6, Non-dated Unpublished Report.
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J-4
1. TITLE AND/OR TYPE: University of Arizona Plane Wave Generator

2. LOCATION: The University of Arizona
College of Engineering
Engineering Research Laboratories
Tucson, Arizona 85721

3. OWNER: University of Arizona
4. LOADING CHARACTER1STICS:
a. }Type Wave: Plane Wave

b. Pressure: Overpressure
Minimum (psi) O Maximum (psi) 50

¢, Rise Time: Variable from less than one millisecond tc over
one-tenth of a second

d. Decay Time: Variable - The decay is essentially exponential:
the decay time being controlled by adjustable
exhaust valves.

S. PHYSICAL DESCRIPTION (Figure 80): The main body of the Generator
is an 8.5 foot tank with a 30 inch inside diameter mounted vertically
on a 3000 pound portable concrete base. Rubber bushings are used in
the mounting assembly for shock isolation. Major access to the

chamber is obtained by unbolting the top section of the tank and
rolling the bottom section which is the soil Bin, horizontally, thereby
exposing the 30 inch soil bin. There is also a 14 inch diameter access
hole in the bottom of the soil bin, as well as two four inch diameter
access holes and windows in the top section and various instrumentation
ports in both sections.

6. DRIVER: The driver is a hydrogen-oxygen explosion detonated by an
electric spark. Predetermined quantities of hydrogen, oxygen and air
(the air is for risc time control) are measured in the three auxiliary
tanks on the side of the chamber and are fed through the firing head
into an evacuated plastic bag inside the chamber. There is also a
mechanical driver consisting of a 50 gallon auxiliary high pressure
air tank with a large (16 inch dismeter) fast release valve that
mounts inside the top section of the chamber.

7. CONTROLS: The explosion is detonated by an electric spark which

is triggered by the same switch that starts the recording instruments;
a time Jelay on the spark enables the instrumcats to record the initial
conditions.
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THE SIMULATOR OPENED

FIGUKE 80, UNIVERSITY OF ARIZUNA PLANE WAVE GENERATOR,
OPEN POSITION
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8. AVAILABILITY: Yes, by a service or research contract.

9., OTHER CONSIDERATIONS: The instrumentation and recording consists
of two statham pressure transducers (0 to 50 psi), two Tektronix

dual beam oscilloscopes with cameras, one six-channel Brush recorder
and two dual-channel Sanborn recorders. The mechanical driver has
approximately the same range of rise times, peak overpressures, and
decay times as the hydrogen-oxygen driver. Both drivers give very
good reproducibility, with the explosive gas replication being within
102 from test to test.

10. DISCUSSION: The University of Arizona Plane Wave Generator has
been used to test yielding membrane structures above and below ground.
The investigations being made to determine the effect of depth of
burial and relative structure flexibility on the percentage of load
carried by the structural elements. This simulator has also been
used for studies on soil pressure redistribution on flexible roof
punels and soil arching studies of the "Terzaghi Trap Door" type.

The simulator will be used for general parametcr studies.

11. REFERENCE: Linger, Don A., "University of Arizona Plane Wave
Generator," Tuscon, Arizona, pages 1 and 2, 6 August 1964.
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- 1. TITLE AND/OR TYPE: WES - 4~Foot-Diameter Blast Load GCenerator
(SBLG)

2, LOCATION: U. S. Army Engineer Waterways Experiment Station
Corps of Engineers
Vicksburg, Mississippi

3. OWNER: U. S. Army
4. LOADING CHARACTERISTICS: (see discusation)
a. Type Wave: Plane (+ 102)

b. Pressure: Minimum (psi) 10 Maximum (psi) 250
Static pressure - 0 to 500 psi

¢. Rise Time: 4 to 5 msec

d. Dwell Time: Nomne

e. Decay Time: In excess of 2 seconds (uncontrollable)
5. PHYSICAL DESCRIPTION (Figures 81 & 82): (see discussion)

a. Diameter: 46-3/4 in. (I. D.)

b. Other: Over-all height of specimen is variable from 6 in
to 20 ft.

6. DRIVER: Hot ;ases from the electric detonation of PEIN in the
form of ptimacord for dynamic pressures. Water or nitrogen gas is
compressed to the desired pressure for static pressures.

7. CONTROLS: Rise-timec of the pressure is obtained by the detonation
of the explosive churge. No provisions are avaiiable to control decay
of the pressure.

8. AVAILABILITY: The WES 4-foot dismeter blast load gemerator (SBLG)
is aormally scheduled fo:' full-time use on Waterways Expariment
Station testing prograus; however, testing that is considerad to be
within the capatilities of the generator may be comducted for other
interested agencies on a priority basis. Inquiries rhould be sent to:
Director, U. S. Army Engineer Watervays Experiment Station, P. O. Box
631, Vickeburg, Missisuippi 39181.

173

- Mw—" -




WOLL

08 a9y 111

[ JCIVRRFINO

%

i ded mnf»rh,m

ONIY

AT8NW3SSY
YOLVHY3AN39 1004~-b S3IA. I8 3I¥NOI4

WOLLoH 31 4

. o s sohic mmebiibahatiibing.  ae sl e &n

.

/

IO ¢

v

ANt

a2

N
o s -

P e




) | : 1
~-JNREECR VESERRFENE
T T ISR
: A SRR, o S WD I N S B
CJAARERAN, BLARNERS T iunnniin’ | ANNEVAE
KITENANEBINEAEENS | IDENEEN” | RNV 4P
NICHSIRRERE. LERER» | ANRPNER"4A | IRV.E
l:=.l=='-.-la'l’l'm:lf | IRNRP.LEN | |
v Lo y
IR | Pamam

. "‘ '
190 0 2000 O S0 S

!..

¥

| I NN 9
NI

NIIENINRNRER Y w
RIINEIANENBESIRNG]Y | | g TR
- Sl I ARPrESE
(2L, 30 fif j “ oy y
i TN TN Ty B
R "Jv'/, \ I LA O
'
v
x
O
175
T
W~~-‘.‘-~,_ -

GENERATQR




9. OTHER CONSIDERATIONS: The SBLG is a companion item of equipment
with the WES large Blast Load Generator and is used to evaluate
designs and to verify design procedures for underground protective
structures.

10. DISCUSSION: Thc SBLG is located within the Blast Load
Generator building at WES. The SBLG consists of a 9/16 inch

thick steel cylindrical shell with an elliptical dome top, or bonnet.
The dynamic bonnet is shown atop the rigid bottom (Figure 81). The
shell or test chamber is comvosed of a series of rings which are
bolted together to allow the depth of the coil sample to be varied.
The rings and the bonnet are fastened together by forty 1-1/8 inch
threaded studs and nuts per ring. Sealing is provided by O-rings

in the separating flanges.

. concrete foundation to support the generator is 9 1/2 feet
thick and has three anchorage locatiomns, i.e , two rigid bottoms and
one infinite bottom, see Figure 82, One of tne rigid bases has a
flat corcrecte interface at the base and the other pruvides an anchorage
for a cylindrical ring having a1 flat steel bottom plate one inch thick
and heavily stiffened. In the center of the steel bottom a trap-door
can be moi.ntea (maximum diameter 6 in.) and at various locations
on the plate pressure transducers can be mounted. The iniinite bot:tom
is a stecl lined hole in the base, 9.5 feet deep. The interface between
soil specimen and base is the sub-soil which is clay. With this base,
a specimen up to 20 feet long, 46-3/4 inches in diameter, aud with
essentially ao horizontal reflecting interface can be tested.

The d-n-mic boi et (Figure 81) houses two firing tubes surrounded
by a baffl~ irid. The detonation of explosives in the two firing
tubes gere es pressure which loads the soil surface. The baffling
grid breaks up the sherk fronts an. helps te form an essentially
plane wave over the sax->le surface.

The SBLG is equipped with two quick-opening valves which can be
timed to open autnmatically at 0.3, 0.6, 0.9, 1.2, 1.5 or 1.8 secunds
after firing, or they can be operated manually. The body of the
generator contains about (depending on the type base us2d) 10 purts
for the insertion or mounting of pressure transducers, accelerometers,
ana other instrumentation.
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1. TITLE AND/OR TYPE: WES - Large Blast Load Generator (LBLG)

2. LOCATION: U. S. Army Engineer Waterways Experiment Station
Corps of Engineers
Vicksburg, Mississippi

3. OWNER: Defense Atomic Support Agency (DASA)
4. LOADING CHARACTERISTICS: (see discussion)
a. Type Wave: Plane (+ 50% at peak pressure)

b. Pressure: Minimum (psi) 30 Maximum (psi) 450
Static loads up to 1000 psi could be sustained by
modifications of the facility.

c. Rise Time: 2 to 4 msec
d. Dwell Time: None
e. Decay Time: Approaches Z seconds (uncontrollable)
5. PHYSICAL DESCRIPTION: (Figures 83 & 84): (see discussion)

a. Diametar: 23 ft (0.D.)
22 ft, 10 in. (I1.D.)

b. Other: Available surface area - 410 sq. ft. Available
depth for scil and test specimen - 10 ft.

6. DRIVER: Hot gases from the electric detonation of PETIN in the
form of prizacord for pressure up:to 250 psi. Combination of prima-
cord and smukeless piston powder for higher pressures.

7. CONTROLS: Rise-time of the pressure is obtained by the d:tiunation
of the explosive charge. No provisions are available to control lecay
of the pressure.

8. AVAILABILITY: The WES large BRlest Load Genmerator (LBLG) 1in
normally scheduled for full-time use on Waterways Experiment Statior
testing programs; however, testing that is consideved to be within

the capabilities of the generator may be conducted for other interested
agencies on a priority basis. Inquiries should be sent to: Director,
U. S. Army Engineer Watervays Experiment Station, P. O. Box 631, Vicke-
burg, Mississippi 39181,
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DYNAMIC LOAD GENERATOR IN FIRING POSITION

FIGURE 84. SKETCH OF LARGE BLAST LOAD GENERATOR




9. OTHER CONSIDERATIONS: The LﬁLG is a companion item of equipment
with the WES 4-foot generator and is used to evaluate designs and to
verify design procedures for underground protective structures.

10. DISCUSSION: The Blast Load Ganerator consists of two basic
components; the central firing station and the test chambers. The
central firing station ia a massive, post-tensioned, prestressed concrete
reaction structure designed to resist the large dynamic or static loads
generated in the test chamber. The test chambers are cylindrical,
steel bins 23 feet 0.D., 22 feet 10 inches I.D., that contain the test
media and test structures. A test chamber consists of three "C' rings
that stack to a height of 10 feet, one "B" ring that contains the
firing tubes and one "A" ring that is a telescoping type 1id. The "A"
and central firing station and test chamber are housed in a large
laboratory building equipped with overhead cranes, special handling
equipment, instrumentation and offices.

The platen which supports the test chamber is drawn into the
tunnel of the central firing station. The rails supporting the
platen are lowered so that the bottom of the platen can rest in in-
timate contact with the floox of the firing station. Nitrogen gas
under pressure is allowed to flow into a circumferential slot in the
"B" ring. The pressure thus forcing the "A" ring upward in a tele-
scope fashion and {.sures that the flat “op of the "A" ring is in
intimate contact with the roof of the central firing station.

Heavy blasting mats are hung at both ends of the tunnel as a
safety precaution against such flying objects as exhaust valves that
could be ejected from the test chamber during tests.

The explosives in the firing tubes are fired electrically by a
standa:d engineer cap connected to a leader strani of primacord. The
leader strand is connected to individual strands of primacord that
lead to each tube.

Upon completing a tast, the "A" ri _ is lovered and the entire
test chamber is raised by the rail 1lift aystem and moved from the
central firing station. The "A" ring is removeC and the tubes are
exemined to determine if all the explosives have been burned. If
no further tests are to be conducted the soil and teat specimens are
renoved and the chamber readied for future use.

The device is used in investigation of the following:

a. Studies in the design and aneslysis of the responsa of under-
ground scructures to dynamic loads:

1. Effect of the shape of the structure.
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2. Effect of the ratio of span length to depth of burial.

3. Effect of the ratio of span length to the over-all
length of the structure.

4. Effect of structural flexibility.

5. Effect of the ratio of the duration of the loading to
the period of the structure.

b. Studies in the response of various types of soils to
dynamic loads.

c. Studies of shock isolation methods.
d. Studies of stress wave propagation in soils.

e. Studies of blast-closure devices.

f. Studies in the design of entrance ways and entrance closure

methods.
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M-4
1. TIVLE AND/OR TYPE: USAF 2-Foot-Diameter Vertical Shock Tube
2. LOCATION: Eric H. Wang Civil Engineering Research Facility
U. S. Air Force
Area Y
Sandia Base, New Mexico
3. OWNER: U. S. Air Force
4, LOADING CHARACTERISTICS:

a. Type Wave: Plane‘Wave

‘b. Pressure: Miaimum (psi) Maximum (psi)
Reflected 500
Incident 250

¢. Force: Minimum (lbs) Maximum (1bs)

d. Rise and Decay Time: The wave is peaked and decays
exponentially with a duration of 20 milliseconds.

5. PHYSICAL DESCRIPTION (Figures 85 & 86):
a. Diameter: 2 foot 0.D.
b. Height: 40 feet

¢. Other: The tute is supported by a steel frame which is
bolted to a massive concrete foundation. It is
guyed with steel cable with dead men anchors. A
stairway to the top is provided with three landings.

6. DRIVER: Primacord is used on a cardboard form and affixed to the
tube top opening. At times the primacord is suspended by a cable for a
variance in shot configurations and durations. The tube is fired with
both ends open.

7. CONTROLS: UED-nmpex Control Console
8. AVAILABILITY: Available to other government agencies and to
contractors of the Unitsd States Govermment om contracts requiring the

use of and within the limitations of the tube. Scheduling is controlled
by the Air Porce Project Officer, and the Director of the Facility.
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9, OTHER CONSIDERATIONS: The tube has a 2 foot diameter by 4 feet
deep soil bin mounted on a shock resistant device.

10. DISCUSSION: The tube was used in a study involving the locking
medium concept and the gross behavior of a plane incident shock wave
was required. Shock wave amplitude and shape prior to reflection from
a soil surface and immediately after reflection were also required.

Of interest too, was the motion of the soil surface. Gauge develop-~
ment and tests on small buried structures has utilized the tube.

11. REFERENCES:

a. Hampton, Delon, "A Study of Pore Air Pressure Generated in
Soil Subjected to Air Shock Waves," WL TDR 64-3, Contract AF 29(601)-
6002, Air Force Weapons Latoratory, Kirtland AFB, New Mexico,

October 1964.

b. Mahoney, James A., "The Air Force Shock Tube Facility,"
Civii Engineering Branch, Air Force Weapons Laboratory, Unpublished
Report, June 1964.

c¢. Pantall, Jack T., Capt, USAF, "AF Shock Tube Facility

Operations,' Civil Engineering Branch, Air Force Weapons Laboratory,
Unpublished Report, Pages 12 and 13, January 1962.
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A-5
1. TITLE AND/OR TYPE: AFWL Cas Bag Program
2. LOCATION: Eric H. Wang Civil Engineering ReQearch Facility
Area Y
-£andia Base, N.» Mexico
3. OWNER: U. S. Air Force through DASA Funding
4. LOADING CHARACTERISTICS:
a. Type Wave: Traveling wave
b. Pressure: Minimum (psi) - Maximum (psi) in excess of 1000

~¢. Rise Time: Instantaneous

d. Duration: Variable to simulate up to one magaton.

5. PHYSICAL DESCRIPTION (Figure 87):

a. Phase I. This consisted cf a concrete walled 20 foot by 40
foot by 10 foot tank and having sn earth bottom. A plastic bag was
inflated with an explosive gaseous mixture of hydrogen and oxygen to
' a depth of two feet from the bottom. Steel plate panels were layed

acroas haunches provided at the concrete wallis. A layer of sheets of
sterofoam was used for a chafe proof surrace for a plastic linmer to
contain the water surcharge. Later shots used wooden box panels

in place of the steel panels.

- b. Phase II. This consisted of an area of §7 feet by 151 feet.
A pit was -dug and around the perimeter 10 gauge steel interlocking
sheet piling was drivem 5 feet into the ground lesving 11 feet extended
above the ground surface. A surcharge retention structure was erected
within the steel pile perimeter. This structurs consisted of 3 in, X
6 in. footing, 5-2" X 12" pieces holted together formed the girders.
The girders rau longitudinally and were spaced at 8 feet centers except
that the two outer spans vere at 4 feet spacings. Primacord matrixes
on wooden frame panels were placed on haunches formed by the short
columns. Then spanning the girders in the tranaverse directicn were
the retention panels which consisted of 1/2" plywvod sheet bottom,
2 in. by 8 in. joists, and 3/4 in. plywood sheet top. Between the
panel joists sand was placed at & density of 105 pounds/cubic foot.
The distance from ground level to the bottim of the panel wvas approxi-
mately 3 feet and the privacord was placed at the 2/3 point from ground
k level. The panels wvere made in 6 different size dinensicns, the largest
panel being & feet by 16 feet, joints staggered. Upon the panels was
placed a 5 foot surcharge of selected sand at a density of 105 pounds/
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cubic foot. 100 feet down stream from the ignition end a scaled
reinforced concrete model structure was constructed. Instrumentation
was included but can be found in other reporcs to be published in

the near future by AFWL~Civil Engineering Branch.

6. DRIVER: A gaseous mixture of hydrogen and oxygen and primacord
matris, '

7. CONTROLS: AF Weapons Laboratory Instrumentation Trailer

8. DISCUSSION: The Term "GAS Bag" is used in the title because it

is well known by everybody connected to the simulation field. Actually
only a few tests were run in the Phase I series using the gas bag
principle. Primacord has been used both in the Phase I and II series.
The University of New Mexico operating contractor of the Wang Civil
Engineering Research Facility is carrying on with the Phase I and II
gseries of tests. A Phase Ila is currently being planned and will
incorvorate other underground shaped structure..

A Phase 1I1 series of tests is contemplated which will be "'full
scale tests'" funded completrely by the Air Force. BSD has programmed
tests on a constructed missile complex. Phase I and II were funded
by Hq DASA.

9. REFERENCLS:

a. D'Arcy, G. P. Capt, USAF and Auld, H. E., Capt, USAF,
"Interium Progress Repcrt on the Study of Simulation of Air-Blast
Induced Ground Motions," Air Force Wespouns Laboratury, Research &
Technology Division, Air Force Systems Command, Kirtland Air Force
Base, New Mexico, pages 1, 5, 6, 7, and 8, 15 June 1964.

b. Project AFWL-. Plans & Specificatioas for Construction of
Phzse 11, Prepare & Designed by the Civil Engingering Branch of the
Air Force Weapons Laboratory, Kirtland Air Force Base, Nev Mexico,
October 1964,

¢. D'Arey, G. P., Capt, USAF & Clark, R. 0., Univ.raity of
Nev Mexice, "Simulation of Alr Shocks with Detonation Waves, AF.L-
TR-65-9 Kirtland AF Base, New Mexico" (to be published).

d. D'Arcy, G. P., Capt, USAF, Auld, H. F., Capt, USAF, and
Leigh, G. G., Capt, USAF "Simulation of Alr-Blast Induced Ground
Motion {Phase I) AFWL TR 65-11, Kirtland AF Base, New Mexico (being
published).
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B-5

TITLE AND/OR TYPE: Atomic Blact Simulator

LOCATION: U.S. Naval Civil Engineering Laboratory

2ort Hueneme, California

OMNERs U. S. Navy

LOADING CHARACTERISTICSs

ae

b.

Ce

d.

(-

Pressures  Minimum (psi) 30 Maximum (psi) 185

Rise Times Adjustable from 0.75 to 3 milliseconds, longer if
desired.

Dwell Times Variable
Decay Time: Approximates equation p=po (1-%3) e -

Durationt 0.4 to 7.C seconds

PHYSI AL DESCRIPTION (Figure 88)

de

b.

Co

Heights 7 ft
Length:t 19 feet

Othsrs The main pressure chamber has a diameter of
approxima.ely 2 feet. The slotted plates is 2 1/2 inches
thicks welded to each side of this plate and extending
downward are 1 1/4 inch thick plates referred to as skirts.
Stiffner ribs resembling horse collars are placed st intervals
0% 17 inches along the length of the simulstor. “hese ribs
reinforce the pressure chamber and th: skirts.

Inside the presaure chamber is a baffle assembly dividing
the main chamber into smaller chambers for the purpose of
preventing reverberations.

DRIVER: Primacord detonated within a firing tube-

CONTROLS: T the exterior of tne simulator, spaced at equal
intervals along both sides of the pressure chamber are 22 quick-
opening pressure relief vialves which are sctuated by solencids.

AVAILABILITYs Available by arrangement, see address above.
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9. OTHER CONSIDERATIONS: The blast simulator is positioned over a

10,

11.

o e

pit 9 feet wide, 10 feet long and 12 feet deep. The pit is
necessary for the testing of structural frames. Further, the pit
accommodates extensions (6 feet by 10 feet) to the skirts which
permits the testing of structural arches and model structures buried
in soil. The pit is covered when beams are tested.

DISCUSSION: A track below the skirts oi the simulator exiends
26.5 feet beyond one end of the simulator and is embeddea :n the
concrete. Two carts, which serve as reactions for the test beam:,
move on the track and nrivide a means of moving the test beam into
position between skirts. Various structural configurations and
systems can be tested in the simulator including reams, frames,
arch sections, structural connections, and model structures buried
in soil. Because of the physical dimensions of the simulator, test
elements cannot exceed a width of 8 inches. Reams may vary in depth
from 8 inches to 14 inches and can be reinforced concrete or steel.
Rigid frames can have a maximum column length of 8 feet and a span
of 12 feet. Arch shaped structures may be tested in either its
ncrmal position or rotated 90 degrees in a vertical plane. The
maximm spans of the arches theét can be tested in the two pesitions
are 9 feet 6 inches and 13 feet 10 inches respectively. The
simulater is capable of testing structural models buried in a soil
medium. These models can be either reinforced concrete or steel.
They may have spans of 3 feet to 4 feet and a rise of 1 foot to
2 feet.

REFERENCE: Allgood, J.R., Shaw, W.A., "An Atomic Blast Simulator,"
U.S. Naval Civil <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>